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I.  STRENGTH  AND  RELATED  PROPERTIES  OF  METALS  AND  WOOD. 


ABSTRACT. 

This  circular  contains  the  values  for  tensile,  compressive,  and  shearing  strengths;  ductility; 
modulus  of  elasticity;  and  other  related  properties  of  pure  metals  and  their  alloys  and  of  wood. 
In  addition  to  these  the  properties  of  metals  at  elevated  temperatures,  their  fatigue  and  impact 
properties,  and  the  effect  of  heat  treatment  and  cold  working  are  given. 

Other  properties  and  uses  of  less  commonly  used  metals  are  described  briefly.  Graphical 
representation  is  used  in  many  cases  to  show  the  change  of  the  properties  of  a material  with  changing 
conditions.  References  to  the  sources  are  given  for  all  values  in  this  circular. 
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I.  INTRODUCTION. 

The  compilation  of  the  information  contained  in  this  circular  was  begun 
in  response  to  a request  in  1920  from  the  Smithsonian  Institution  for  the 
assistance  of  the  Bureau  of  Standards  in  the  revision  of  the  Smithsonian 
Physical  Tables. 

Due  to  the  frequent  requests  for  information  on  the  physical  properties 
of  materials  received  at  the  Bureau  of  Standards,  many  of  which  could  be 
answered  by  referring  to  the  tables  prepared  for  the  Smithsonian  Institu- 
tion, they  were  published  as  Physical  Properties  of  Materials,  Circular  No. 
101,  of  the  Bureau  of  Standards. 

The  first  edition  was  compiled  by  H.  A.  Anderson,  assistant  engineer 
physicist.  The  unprecedented  number  of  requests  for  the  first  edition, 
which  soon  exhausted  the  supply,  led  to  the  preparation  of  this  edition. 

In  response  to  the  request  printed  on  the  cover  of  the  first  edition  of 
this  circular  for  constructive  criticism,  many  letters  have  been  received 
from  engineers  in  testing  laboratories,  manufacturing  concerns,  engineering 
offices,  and  technical  societies  and  institutions.  It  was  evident  from  these 
letters  that  the  writers  believed  that  a publication  of  this  kind  is  greatly 
needed,  as  the  data  contained  in  it  had  not  previously  been  easily  accessible. 
In  so  far  as  possible  all  the  suggested  improvements  have  been  made  in  this 
edition. 

II.  SCOPE  OF  THE  WORK. 

This  edition,  which  has  been  enlarged  to  about  four  times  the  size 
of  the  first,  includes  the  additional  material  which  has  appeared  in  the 
technical  literature  during  the  past  few  years,  and,  by  enlarging  its  scope, 
it  includes  the  properties  of  metals  at  elevated  temperatures,  their  fatigue 
and  impact  resistance,  as  well  as  other  useful  data. 

The  physical  properties  of  wood,  obtained  by  the  Forest  Products 
Laboratory,  have  also  been  included. 

In  many  cases  graphical  representation  has  been  used  to  show  the 
effect  of  heat  treatment,  temperature,  and  other  factors  on  the  property 
of  a material.  Often  these  graphs  are  reproduced  with  little  alteration 
from  the  original  source.  Values  may  be  read  from  these  curves  with  an 
accuracy  sufficient  for  the  practical  use  of  the  curves.  All  values  are  given 
in  both  metric  and  English  systems. 

IH.  SOURCES  OF  INCLUDED  DATA. 

The  data  were  gathered  from  three  sources:  (1)  Experimental  data 
published  in  the  technical  periodicals  and  engineering  handbooks;  (2) 
specifications  prepared  by  the  technical  societies  and  Government  depart- 
ments; and  (3)  unpublished  experimental  data  of  the  Bureau  of  Standards 
and  those  obtained  from  the  manufacturers  of  the  material. 
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The  strengths  and  related  properties  of  most  engineering  materials 
vary  between  wide  limits ; any  value  assigned  to  a material  represents  a 
materials  engineer’s  opinion  as  the  most  probable  value  that  can  be  obtained 
under  given  circumstances.  These  values  should  be  looked  upon  as  re- 
presentative of  material  rather  than  as  characterizing  a single  specimen. 

The  compiler  has  undertaken  to  select  reliable  sources  of  information; 
he  has  tried  to  conscientiously  reproduce  with  accuracy  the  values  given 
and  the  opinions  expressed  in  the  original  source,  reference  to  which  is  given 
in  all  cases  in  this  circular. 

IV.  ACKNOWLEDGMENTS. 

This  edition  was  compiled  and  the  charts  drawn  by  S.  N.  Petrenko, 
associate  mechanical  engineer.  Credit  is  due  H.  L.  Whittemore,  under 
whose  supervision  the  work  was  done,  and  to  all  those  who  have  assisted  in 
putting  the  data  in  its  present  form. 

V.  TEST  SPECIMENS  AND  CONDITIONS. 

In  general,  test  specimens  used  in  the  determination  of  the  tabulated 
data  were  in  conformity  with  the  recommendations  of  the  American  Society 
for  Testing  Materials.1  As  a rule,  tensile  specimens  were  of  12.8  mm,  or 
0.505  inch  diameter,  and  50.8  mm,  or  2 inches  gauge  length.  The  sizes  of 
compressive  and  transverse  specimens  are  usually  shown  accompanying  the 
tables.  Figure  1 shows  the  test  specimens  used  and  recommended  by  this 
bureau. 

All  data  shown  in  these  tables  were  determined  at  ordinary  room  tem- 
perature, averaging  20°  C.  (68°  F.)  unless  otherwise  stated. 

VI.  DEFINITIONS. 

The  following  definitions  represent  the  practice  of  the  bureau  in  report- 
ing data  on  physical  properties  of  engineering  materials  and  also  govern 
the  use  of  the  terms  in  this  circular.  In  tensile  and  compressive  tests  the 
stresses  are  computed  on  the  basis  of  the  original  cross-sectional  area  of  the 
specimen;  in  transverse  and  torsional  tests  the  stress  in  the  extreme  fiber 
is  computed  from  the  flexural  and  torsional  formulas. 

Definitions  of  mechanical  properties  of  materials  and  methods  of  test- 
ing in  use  at  the  bureau  are  in  general  conformity  with  the  standard  methods 
for  testing  of  the  American  Society  for  Testing  Materials.2 

1.  PROPORTIONAL  LIMIT. 

Stress  at  which  the  deformation  ceases  to  be  proportional  to  the  load 
as  determined  by  strainometer  (extensometer  for  tension,  compressometer 
for  compression,  and  deflectometer  for  transverse  tests,  value  being  read 
from  plotted  results) . 


1 A.  S.  T.  M.  Standards  Handbook;  1921;  and  triennially  thereafter,  especially  Standard  methods  for  testing,  p.  841. 

2 A.  S.  T.  M.  Standards,  pp.  841-852;  1921. 
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Fig.  i. — Standard  specimens  used  and  recommended  by  structural  and  engineering  mechanics  section, 

Bureau  of  Standards. 

A,  tension,  flat,  for  wedge  grips,  for  rolled  plates  over  1/4  in.  (6.35  mm)  thick;  B,  tension,  flat,  1/4 in.  (6.35  mm)  thick 
or  less;  C,  tension,  round,  for  wedge  grips,  for  rolled  rods  and  bars;  D,  tension,  round,  for  accurate  tests,  except  deter- 
mination  of  modulus  of  elasticity;  E,  tension,  round  (preferable  form)  for  accurate  tests,  except  determination  of  modulus 
of  elasticity;  F,  compression,  round,  for  all  determinations  except  modulus  of  elasticity. 


Physical  Properties  of  Materials . 1 1 

2.  ELASTIC  LIMIT, 

In  tensile  and  compressive  tests:  The  stress  at  which  the  initial  perma- 
nent elongation  or  shortening  of  the  gauge  length  occurs,  as  shown  by  an 
instrument  of  high  precision  (determined  from  set  readings  with  extensom- 
eter  or  compressometer) . In  transverse  tests:  The  extreme  fiber  stress 
at  which  the  initial  appreciable  permanent  deflection  occurs  as  determined 
with  deflectometer. 

Tests  are  rarely  made  to  determine  the  elastic  limit,  since  such  tests 
involve  repeated  application  and  release  of  load  and  require  considerable 
time.  For  practical  purposes  the  elastic  limit  may  be  regarded  as  equal  to 
the  proportional  limit. 

3,  YIELD  POINT, 

Stress  at  which  marked  increase  in  deformation  of  specimen  occurs 
without  increase  in  load  as  determined  usually  by  drop  of  beam  or  with 
dividers  for  tensile,  compressive,  or  transverse  tests.  (Reported  for  all 
tests  of  ductile  materials.) 

4.  TENSILE,  COMPRESSIVE,  OR  SHEARING  STRENGTH. 

Maximum  stress  developed  in  the  material  during  test,  load  being 
referred  to  the  original  cross  section. 

5.  MODULUS  OF  RUPTURE. 

Maximum  stress  in  the  extreme  fiber  of  a beam  tested  to  rupture,  as 
computed  by  the  empirical  application  of  the  flexural  formula  to  stresses 
above  the  transverse  proportional  limit.  For  simple  rectangular  beam  with 
concentrated  center  load  it  equals 

1.5  xload  xspan 
area  X depth 

6.  TORSIONAL  STRENGTH  (OR  MODULUS  OF  RUPTURE  IN  TORSION). 

Maximum  stress  in  the  extreme  fiber  of  a specimen  tested  to  rupture 
as  computed  by  the  empirical  application  of  the  torsional  formula  to  stresses 
above  the  torsional  proportional  limit.  For  a round  specimen  it  equals 

^ __  5 . 1 X twisting  moment 
diameter 3 

In  ductile  materials  the  stress  at  rupture  may  be  considered  uniformly 
distributed  over  the  cross-sectional  area  and  the  above  formula  assumes 
the  form 

^ _ 3.82  X twisting  moment 
diameter  3 
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7.  ELONGATION. 

The  percentage  of  elongation  is  found  by  dividing  the  increase  of  length 
after  rupture  by  the  original  gauge  length.  The  percentage  of  elongation 
depends  on  the  gauge  length.  The  elongation  indicates  the  ductility  of  the 
material. 

8.  REDUCTION. 

The  percentage  of  reduction  is  found  as  the  ratio  of  the  difference 
between  the  original  and  broken  area  of  cross  section  to  the  original  area. 
Reduction  of  area  indicates  generally  the  ductility  of  material.3 

9.  POISSON’S  RATIO. 

The  ratio  of  lateral  contraction  per  unit  of  diameter  to  longitudinal 
extension  per  unit  of  length  of  a bar  under  terminal  tension  within  the 
elastic  limit  of  material. 

10.  MODULUS  OF  ELASTICITY  IN  TENSION  OR  COMPRESSION.4 

Ratio  of  stress  within  the  proportional  limit  to  the  corresponding  strain 
as  determined  with  a precise  extensometer.  Accurate  determinations  of 
the  modulus  of  elasticity  are  made  with  a gauge  length  at  least  8 in.  (203. 2' 
mm)  in  length. 

II.  MODULUS  OF  ELASTICITY  IN  SHEAR.5 

Ratio  of  stress  within  the  proportional  limit  to  the  corresponding 
angular  strain  (in  radians).  The  following  theoretical  relation  exists  be- 
tween the  modulus  of  elasticity  in  shear  and  the  modulus  of  elasticity 

r g 

2 (1  +X)’ 

where  G is  the  modulus  of  elasticity  in  shear,  E modulus  of  elasticity,  and  X 
Poisson’s  ratio. 

It  is  difficult  to  make  a direct  experimental  determination  of  G on  account 
of  the  presence  of  other  stresses.  It  is  usually  determined  by  the  torsion  of 
a round  bar. 

12.  BRINELL  HARDNESS  NUMBER. 

Ratio  of  load  on  a sphere  used  to  indent  the  material  to  be  tested  to  the 
area  of  the  spherical  indentation  produced.  The  standard  sphere  used  is 
a 10  mm  diameter  hardened  steel  ball.  The  loads  used  are  3,000  kg  (6,615 
pounds)  for  steel  and  500  kg  (1,102  pounds)  for  softer  metals,  and  the  time 
of  application  of  load  is  30  seconds.  Values  shown  in  the  tables  are  based 


* Some  authors  consider  the  reduction  of  area  as  a measure  of  toughness. 

* Generally  known  as  Young’s  modulus  (is  called  in  this  circular  modulus  of  elasticity). 
6 Often  called  the  modulus  of  rigidity. 
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on  spherical  areas  computed  in  the  main  from  measurements  of  the  diameters 
of  the  spherical  indentations,  by  the  following  formula: 


P = load  in  kg,  t = depth  of  indentation,  D = diameter  of  ball,  and  d = diameter 
of  indentation,  all  lengths  being  expressed  in  millimeters.  Brinell  hardness 
values  have  a certain  relation  to  tensile  strength,  and  hardness  determina- 
tions may  be  used  to  determine  tensile  strengths  approximately  by  employ- 
ing the  proper  conversion  factor  for  the  material  under  consideration. 
See  Table  16.  (Data  after  Abbott.) 

13.  SHORE  SCLEROSCOPE  HARDNESS. 

Height  of  rebound  of  a diamond-pointed  hammer  falling  on  the  object 
from  a fixed  height  through  a tube  under  the  acceleration  due  to  its  own 
weight.  The  hardness  is  measured  on  an  empirical  scale  on  which  the 
average  hardness  of  martensitic  high-carbon  steel  equals  ioo.  On  very 
soft  metals  a “magnifier”  hammer  is  used  in  place  of  the  commonly  used 
“universal”  hammer,  and  values  may  be  converted  to  the  corresponding 
“universal”  value  by  multiplying  the  reading  by  4/7.  The  scleroscope 
hardness,  when  properly  determined,  is  considered  an  index  of  the  tensile 
strength  of  the  metal  tested. 

14.  ERICHSEN  VALUE. 

Index  of  forming  qualities  of  sheet  metal.  The  test  is  conducted  by 
supporting  the  sheet  on  a circular  ring  and  deforming  it  at  the  center  of  the 
ring  by  a spherical-pointed  tool.  The  depth  of  impression  (or  cup),  in 
millimeters,  required  to  obtain  fracture  is  the  Erichsen  value  for  the  metal. 
Erichsen  standard  values  for  trade  qualities  of  soft  metal  sheets,  corre- 
sponding to  various  sheet  thicknesses,  are  furnished  by  the  manufacturer 
of  the  machine.6 

15.  BEND  TEST. 

Angle  through  which  the  material  can  be  bent  without  fracture  or  the 
number  of  bendings  around  a predetermined  diameter  is  recorded.  In 
some  cases  a minimum  diameter  around  which  the  test  piece  can  be  bent 
through  a certain  angle  is  determined.  Very  valuable  test  indicating  the 
ductility  of  malleable  metals. 

16.  IMPACT  VALUE. 

Indicates  the  shock-resisting  qualities  of  material . Is  of  particular  value 
in  ascertaining  the  influence  of  heat  treatment.  Impact  value  depends  on 
the  form  of  the  specimen.7  The  data  in  this  circular  are  given  (unless 

6 Proc.  A.  S.  T.  M.,  17  (2),  p.  200;  1917. 

7 For  the  description  of  impact  testing  machines  and  specimens  used  by  various  investigators  see  H.  h.  Whittemore, 
Bibliography  on  impact  testing,  Proc.  A.  S.  T.  M.;  1922. 
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otherwise  stated)  for  standard  international  Charpy  specimen,  io  by  io  by 
40  mm  (0.394  by  0.394  by  1.575  inches,  the  last  value  being  the  distance 
between  the  supports). 

17.  FATIGUE  RESISTANCE. 

Resistance  of  material  to  a load,  which  is  applied  and  removed  in  whole 
or  in  part  many  times  and  at  short  intervals.  Fatigue  resistance  is  a very 
valuable  property  of  materials.  Some  engine  parts  are  subjected  to  a very 
high  number  of  reversals  of  stress  during  the  life  of  the  machine. 

Numerical  values  for  fatigue  resistance  may  be  given  in  two  ways: 
(1)  The  “stress”  at  which  a specimen  endures  a definite  number  of  cycles 
of  stress;  (2)  The  “endurance  limit,”  if  such  exists;  that  is,  the  maximum 
stress  which  the  specimen  will  endure  for  any  number  of  repetitions.8 

18.  RESILIENCE. 

The  potential  energy  of  deformation  of  a body.  The  resilient  materials 
are  those  which  are  capable  of  absorbing  elastically  a large  amount  of  work 
done  by  the  applied  load.  The  resilience  depends  upon  the  elastic  limit  of 
material  and  upon  its  modulus  of  elasticity  (in  tension  or  in  shear) . 

19.  DUCTILE  MATERIALS. 

Ductile  materials  are  those  which  are  capable  of  undergoing  considerable 
permanent  deformation  while  subjected  to  tensile  stresses. 

20.  PLASTIC  MATERIALS. 

Plastic  materials  are  those  which  are  capable  of  undergoing  considerable 
permanent  deformation  under  compressive  stresses. 

21.  MALLEABLE  MATERIALS. 

Malleable  materials  are  those  which  can  be  hammered  into  thin  sheets 
without  rupture. 

22.  BRITTLE  MATERIALS. 

Brittle  materials  are  those  which  show  little  permanent  deformation 
when  stressed  to  rupture. 

23.  STIFF  MATERIALS. 

Stiff  materials  are  those  which  have  a high  modulus  of  elasticity  or  a 
high  modulus  of  elasticity  in  shear.  They  deform  little,  if  subjected  to 
stresses  not  exceeding  the  elastic  limit. 

8 Description  of  fatigue  testing  machines  may  be  found  in  the  following  publications:  (i)  Me  Ad  am,  jr.,  Alternating 
torsion  machine.  Iron  Age,  100;  1917;  (2)  McAdam,  jr..  Impact  endurance  testing  machine,  Jour.  Am.  Soc.  Nav.  Eng., 
November,  1917;  (3)  Arnold,  Alternating  testing  machine,  Proc.  Inst.  Mech.  Eng.,  pt.  3;  1904;  (4)  Farmer,  Rotating  beam 
testing  machine,  Proc.  A.  S.  T.  M.;  1919;  (5)  Eandgraf  Turner,  Alternating  stress  machine,  Am.  Mach.  Apr.  22,  1919; 
(6)  Upton  Lewis,  Am.  Mach.,  October,  1912;  (7)  Stanton,  Alternating  stress  machine,  Proc.  Inst.  Civ.  Eng.,  166;  (8)  Stro- 
meyer,  Alternating  torsion  machine,  Proc.  Roy.  Soc.  A.,  90;  1914;  (9)  Kommers,  Wisconsin  rotating  beam  machine,  Univ. 
111.,  Eng.  Exp.  Sta.  Bui.  No.  120;  (10)  Smith,  Alternating  tension  and  compression  machine,  Engineering,  88,  p.  105;  (11) 
Olsen-Foster,  Reversed  torsion  testing  machine,  Univ.  111.  Eng.  Exp.  Sta.  Bui.  No.  120;  (12)  White-Souther,  Chem.  and 
Met.  Eng.,  December,  1921;  (13)  Haigh,  Alternating  testing  machine,  Engineering,  November,  1912;  and  (14)  Olsen, 
Vibrating  testing  machine,  Electr.  Rev.,  April,  1908. 
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24.  FLEXIBLE  MATERIALS. 

Flexible  materials  are  those  which  have  a low  modulus  of  elasticity  or 
a low  modulus  of  elasticity  in  shear.  They  can  be  deformed  considerably 
by  bending,  twisting,  etc.,  within  the  elastic  limit  of  material. 

25.  TOUGH  MATERIALS. 

Tough  materials  are  those  which  will  withstand  heavy  shocks  or  will 
absorb  a large  amount  of  energy. 


26.  SOFT  MATERIALS. 9 


Soft  materials  are  those  which  offer  little  resistance  to  indenting  or 
scratching. 


27.  HARD  MATERIALS.9 


Hard  materials  are  those  which  offer  great  resistance  to  indenting  or 
scratching. 

VII.  TEXTS  ON  STRENGTH  OF  MATERIALS. 

For  an  interpretation  of  the  physical  significance  of  the  elastic  limit,  pro- 
portional limit,  yield  point,  and  other  properties,  reference  may  be  made  to 
any  good  text  on  mechanics  of  materials,  including  the  following : 

Andrews,  The  strength  of  materials;  1916.  Van  Nostrand  & Co.,  New  York. 

Boyd,  Strength  of  materials;  1917.  McGraw-Hill  Book  Co.,  New  York. 

Burr,  The  elasticity  and  resistance  of  the  materials  of  engineering;  1915.  John  Wiley  & Sons, 
New  York. 

Ewing,  Strength  of  materials;  1906.  Putnam  Co.,  London. 

Goodman,  Mechanics  applied  to  engineering;  1899.  Longmans,  Green  & Co.,  London. 

Johnson,  Materials  of  construction;  1918.  John  Wiley  & Sons,  New  York. 

Lanza,  Applied  mechanics;  1910.  John  Wiley  & Sons,  New  York. 

Merriman,  Mechanics  of  materials;  1915.  John  Wiley  & Sons,  New  York 
Mills,  Materials  of  construction;  1922.  John  Wiley  & Sons,  New  York. 

Moore,  Materials  of  engineering;  1917.  McGraw-Hill  Book  Co.,  New  York 
Morley,  Strength  of  materials;  1920.  Longmans,  Green  & Co.,  London. 

Murdock,  Strength  of  materials;  1911.  John  Wiley  & Sons,  New  York. 

Slocum,  Resistance  of  materials;  1914.  Ginn  & Co.,  Boston. 

Unwin,  The  testing  of  materials  of  construction;  1910.  Longmans,  Green  & Co.,  London. 

Love,  A treatise  on  the  mathematical  theory  of  elasticity;  1906.  Cambridge,  University  Press. 
Fuller  and  Johnston,  Strength  of  materials;  1919.  J.  Wiley  & Sons,  New  York. 

Martens,  Handbook  of  testing  materials;  1899.  J.  Wiley  & Sons,  New  York. 

Bach,  Elasticitat  und  festigkeit;  1922.  Berlin. 

Lorenz,  Technische  elasticitatslehre;  1913.  Munchen. 

Fbppl,  Forlesungen  uber  technischen  mechanik;  1900-1912.  Leipzig. 

Record,  Mechanical  properties  of  wood;  1914.  New  York. 

Bulletin  No.  556,  Forest  Service,  U.  S.  Department  of  Agriculture;  1917. 


9 “Soft”  and  “hard”  are  indefinite  terms  which  acquire  a definite  relative  meaning  when  a definite  hardness  test  is 
specified. 


i6 


Circular  of  the  Bureau  of  Standards. 


in 


< I 

H S 


3 

> 


32 


W £ 

►H  ^ 

H *3 

PS  g 

W 5 
A g 
O £ 
PS  « 

Q.  <9 
^ o> 

<3  g 

O H 

w I 

i-t 

g g 

^ 1-^ 


•S  o 

<u  a 
Pi » 


2s  ® 9 «o^ 
§ « a a5y^ 
"5  o © H to  x JS 

^ °-s  ® S. 


flfl® 

«=s 


os  G 0 m 

aZBZ£ 

I §5  So 


3-S 


®.a 

9f 

11 


tH  & 


figJl 


®5 


H-5 


2-g 

£a 


«8ji 


saga 

CO  o g,~ 


il 

It 


S 5 


CM  CM 
J*  CM 
CM  CM 


•4-*  m m 
O CO  CO 

kA  i 

®<n  M 

Ph 


ooA! 

O O O ! 


OlOOMO 

— r"  -.i/ToT 

NN(OHH 


is 

8®- 


i i 


co  or^ 
. . r-5  CO 

inno^HH 


t <© 
~© 


ti-: 
• o\ 


00  CM 
CM  . . 

. tn  co 


i.’a 


■si  Ssg,  53  * ili® 

•owS5  S' 
h . a os  cl 


oa  ® 


lif.s 

ir 

<c 


115 

ir 


Physical  Properties  of  Materials. 


17 


1 8 Circular  of  the  Bureau  of  Standards. 

TABLE  2. — Tensile  Requirements  of  Sheet  Aluminum — Specification  Values. 


[Sheet:  A.  S.  T.  M.f  B25-19  T.  A1  min.,  99.0;  minimum  strengths  and  elongation.] 


Gauge  (B.  & S.). 

Thickness. 

Temper 

number. 

Hardness. 

Tensile  strength. 

Elonga- 
tion in 
50.8  mm 
(2  in.). 

mm 

in. 

kg/mm2 

lb./in.1 

Per  cent. 

12-lfi,  Inclusive 

2.052-1.290 

0.0808-0.0508 

1 1 

Soft,  annealed. 

8. 8 

12,500 

30. 0 

*2 

Half  hard 

12.7 

18,000 

7.0 

3 

Hard 

15.5 

22,000 

4.0 

17-22,  Inclusive 

1.152-  .643 

.0453-  .0253 

1 1 

Soft,  annealed 

8.  8 

12, 500 

20.0 

* 2 

Half  hard 

12.7 

18,000 

5.0 

3 

Hard 

17.6 

25,000 

2.0 

23-26,  inclusive 

.574-  .404 

.0226-  .0159 

1 1 

Soft,  annealed 

8.8 

12, 500 

10.0 

*2 

Half  hard 

12.7 

18,000 

5.0 

3 

Hard 

21.1 

30,000 

2.0 

1 Sheets  of  temper  No.  i to  withstand  being  bent  double  in  any  direction  and  hammered  flat. 
s Sheets  of  temper  No.  a to  bend  i8o°  about  radius  equal  to  thickness  without  cracking. 

NOTE.— Tensile  test  specimen  to  be  taken  parallel  to  the  direction  of  cold-rolling  of  the  sheet. 


Curves  (i)  for  rolled  unannealed  sample  of  99.56  per  cent  aluminum  6.3  mm  (1/4  in.)  round  bars;  G.  D.  Bengough , J. 
Inst.  Met.,  7,  p.  123;  1912. 

Curves  (2)  for  annealed  sample  sheet,  8 mm  (0.315  in.)  thick;  R.  Baumann,  Mitteil ungen  uber  Forschungsarbeiten 
auf  dem  Gebiete  des  Ingenieurwesen,  No.  112,  p.  23;  1911. 

Curves  (3)  for  a sample  annealed  at  350°  C.  (662°  F.)  8 mm  (0.315  in.)  round  bars.  P.  Ludwik,  Zeitschrift  des 
Vereines  Deutscher  Ingenieure,  August  14,  p.  657;  1915. 


TABLE  3. — Ductility  and  Hardness  of  Sheet  Aluminum — Experimental  Results. 

[Aluminum  sheet,  Grade  A (A1  min.,  99.0).  From  tests  on  No.  18  B.  & S.  gauge,  sheet  rolled  from  6.3  mm,  or  0.25  In.,  slab, 

Iron  Age,  vol.  101,  p.  950;  1918.] 


Heat  treatment,  annealed. 

Thickness. 

Erichsen 
value, 
depth  of 
cup. 

Sclero- 

scope 

hardness. 

None  (as  rolled) 

mm 

1.08 

in. 

0. 0425 

mm 

6.  83 

14.0 

At  200°  C.  (392°  F.),  2 hours 

1.09 

.0429 

8.39 

10.0 

At  300°  C.  (572°  F.),  2 hours 

1.07 

.0422 

10. 17 

4.5 

At  400°  C.  (752°  F.),  2 hours 

1.08 

.0425 

10. 10 

4.5 

At  200°  C.  (392°  F.),  30  min 

1.07 

.0422 

7. 97 

11.8 

At  400°  C.  (752°  F.),  30  min 

1.08 

.0425 

9. 83 

4.5 

TABLE  1. —Tensile  and  Thermal  Properties  of  Metals — Continued. 


Physical  Properties  of  Materials. 


i9 


0 £ g My' 
"5  ©.£  « w X 
t-3  « o 4> 


!,p 


a*: 
S S 

v'S 

S* 


8 8. 


v £ 

• o 


5>*5  g <m  <8 

gglg-s 


000  00  00  to  o 


O to 

to 


<g.a 

If 

5 o 


000  00  00  00  o 

000  00  00  00  o 

o co  t'-  o«n  too  vo  i>-  *-< 

H 10  too  Cf\  h O I>-  00 

N N N »-lCO  t-h  Tf  CMCO  CO 


X & 


1 1 C3+* 

B§S 


o o 

O VO 

cvToT 


> o 00 

> o 00 

) O to  o 


o o 
to  o 

Tr'  ccT 
CO 


CJ.EJ 

do 


00  to  to  * 
cn  o » 


( CM  r-<  CM 


HN  i-H 


Sa|| 


to  to  CO 


CO  O H v£> 
tnov  00  ^ 


.a 

toX 

dia 


•S^ 

J4 


a? 


■ M _rt  O £3  2. 

I5|  s|S 

'a  ‘ 


’SSoSsS  a-2  . a-g  aflSa  ac',Sa 
.Hja  ^ v.-'O  a g ^ § 

Sfi“-s^i-9lssl2sllisa§»"-'8'3” 

«n'G«rS«^g^s3a’gj  - --■ 


OP<  Ok  o; 


a^a^ss 

OPd  O 


8. 

t)  a 

tie 

(0  *j 
Wl  ^ 


0^3 


a 1 « 

3 k ^ 

as^ 

so 

< 


3 ^ . 

O .* 

3 « 

o'  oa 


‘•SSa 


3 os 

oa 


3*8 

Pa 


ULo 

CM  •» 


< 


cr>  £T  t-4  _r 

jS  o.o<! 

<1  ££ 

P 


2.5  mm  ball,  62.5  kg  (138  lb.)  load. 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals — Continued. 
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Refer- 

ence. 

18 

(13) 

(13) 

(13) 

(168) 

(168) 

(168) 

(168) 

Thermal  properties. 

Casting  shrink- 

age. 

in./ft. 

0.156 

.156 

.156 

16 

mm/m 

13.0 

13.0 

13.0 

Linear 
coeffi- 
cient of 
expan- 
sion 
X10a 

(per  1°C.) 

Melting 

point. 

Hardness  num- 

ber. 

Sclero- 

scope. 

co 

Brinell. 

12 

Tensile  properties. 

Reduc- 
tion of 
area. 

11 

ts 

*4 

« 

A 

Elonga- 
tion in 
50.8  mm 

or  2 
inches. 

® 

Per  ct. 
1.0 

Less 

than 

1.0 

Less 

than 

1.0 

1.4 

English  lb./in.2 

Tensile 

strength. 

Oi 

18,000 

18,000 

19.000 

24,000- 

28.000 

28, 000 

28,000 

19,000 

Yield 

point. 

00 

Pro- 

por- 

tional 

limit. 

10,000 

Metric  kg/mm.2 

Tensile 

strength. 

12.7 

12.7 

13.4 

16. 9- 

19.7 

19.7 

19.7 

13.4 

Yield 

point. 

«s 

Pro- 

por- 

tional 

limit. 

7.3 

Spe- 

cific 

grav- 

ity. 

CO 

2.89 

2.95 

3. 00 

N o t 
over 
2.89. 

N o t 
over 
2.95. 

N o t 
over 
2.97. 

Condition. 

Cast 

do 

Sand  cast 

Die  cast 

Sand  cast 

Material  and  com- 
position. 

- 

Aluminum — Con. 
Copper  (Alloy 

Cu,  7.0— 8.5; 
imp.,  max. 
1.7;  Al,  re- 
mainder. 
Copper  (Alloy 

B) - 

Cu,  8.5-11.0; 
imp.  max. 
1.7;  Al,  re- 
mainder. 
Copper  (Alloy 

C) - 

Cu.  11.0- 

14.0;  imp., 
max.  1.7;  Al, 
remainder. 

Copper — 

Cu,  7.0-8.5; 
other  e 1 e- 
m ents  not 
over  1.7.2 

Copper  (lynite)— 
Cu,  7.0-8.5; 
other  ele- 
ments not 
over  1.7;  Al, 
balance. 

Cu,  9.25-10.75; 
other  ele- 
m e n t s not 
over  2.0;  Al, 
balance.8 

Cu,  11.5-13.5; 
other  ele- 
ment s not 
over  1.7;  Al, 
balance.* 

Physical  Properties  of  Materials. 


21 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals— Continued. 


22 


Circular  of  the  Bureau  of  Standards. 


Refer- 

ence. 

ao 

(168) 

(168) 

(168) 

(168) 

(168) 

(168) 

(168) 

( 1681 

(168) 

(168) 

(168) 

(104) 

(133) 

Thermal  properties. 

A 

1 

M 

r- 

in./ft. 

be  5“ 

a * 

a 

3 

O 

ra/ratn 

Linear 
coeffi- 
cient of 
expan- 
sion 
Xioo 

(per  1°C.) 

Melting 

point. 

d 

650 

(1,202°  F.) 

Hardness  num- 
ber. 

Sclero- 

scope. 

Oi 

Brine  11. 

Tensile  properties. 

Reduc- 
tion of 
area. 

r* 

Per  ct. 

39.5 

37.6 

11.2 

34 

18 

14 

21.0 

15.0 

11.0 

Elonga  - 

tion  in 
50.8  mm 

or  2 
inches. 

© 

Per  ct. 

4.0 

5.0 

18.5 

16.0 

6.0 

25.0 

6.3 

5.0 

17.5 

6.6 

4.6 

a 

£ 

Jj 

si 

Tensile 

strength. 

© 

19.000 

20.300 
36,700 

38. 200 

41.000 

51.200 

59. 800 

64.800 

65. 300 

78,500 

84.000 

Yield 

point. 

ae 

13.000 
14,300 

22.000 

27, 100 

25,200 

27,000 

36,900 

64,200 

75,400 

d 

w 

Pro- 

por- 

tional 

limit. 

- 

a 

a - 

"3 

s 

a> 

a ■ 

Tensile 

strength 

© 

13.4 

14.3 

25.8 

26.9 

28.8 

36.0 

42.0 

45.6 

45.9 

55.2 

59.1 

Yield 

point. 

ms 

9.1 

10.1 

15.5 

19.1 

17.7 

19.0 



25.9 

45.1 

53.0 

Pro- 

por- 

tional 

limit. 

■«* 

Spe- 

cific 

grav- 

ity. 

ec 

2.83 

Condition. 

•0 

3 

tn 

03 

a 

1 — 

£ 
i u 

t to 

S3 

• c 

Hot  rolled  to  1)4  in. 

(28.6  mm). 

Hot  rolled  to  « in. 

(20.6  mm). 
Drawn  with  an- 
nealing toHin. 
(20.6  mm). 

Soft,  7 mm  (0.275 
in.). 

(0.197  in.). 

Rolled  to  3 mm 

(0.118  hi.). 

Soft,  7 mm  (0.275 
in.). 

Rolled  to  5 mm 
(0.197  in.). 

1 (0.118  in.). 

a 

a 

j 

« 

heat  treated, 
diam.  0.125  iu. 
(3.2  mm). 

Material  and  com- 
position. 

- 

Aluminum— Con . 
Copper,  manga- 
nese (alloy 
No.  10)— 

Al,  96.0;  Cu, 
2.06;  Mn, 
1.94. 

Copper  (dura- 
lumin, alloy 
H).io 

CoDDer  (dura- 

lumin,  alloy  D). 

Copper  (dura- 
lumin).11 

Copper,  manga- 
nese (dura- 
lumin)12— 
Cu,  3.92;  Mu, 
0.51;  Si,  0.41; 
Fe,  0.36;  Mg, 
0.37;  Al,  bal- 
ance. 

Copper,  manga- 
nese (dura- 
lumin) (or 
17-S  alloy)- 
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25-30 

5-8 

20-25 

15-20 
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2. 0-2. 5 

16- 20 

1-15 

6.5 

20.0 
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19.0 

17.0 

28, 000- 

35.000 

45.000- 

47. 000 
52, 500- 

57,500 

60. 000- 
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39, 400 
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58. 200 
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rsa  co  co 

12,000- 

15.000 

30.000- 

35.000 

18.000- 

22.000 
30, GOO- 

45,  000 

17,200 

22, 000 

19.7- 

24.6 
31.6- 

33.0 
36.9- 

40.4 

42.2- 

52.7 

18.9 

27.7 

38.1 

41.0 

44. 1 

18.9 

24.0 

27.1 

33.0 

8.4- 

10.5 
21. 1- 

24.6 
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15.5 
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12.1 

15.5 
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la  Shearing  strength,  25.9  kg/mm2  (36,800  lb./in.2).  Riveted  joints  showed  no  tendency  to  cracking  or  deterioration  in  the  course  of  many  months.  Owing  to  their  higher 
strength  compare  favorably  with  rivets  made  of  softer  alloys. 

018  Tensile  strength  at  aso0  C.  (48a0  F.),  17.3  kg/mm2  or  24,600  lb./in.2;  tensile  strength  at  350°  C.  (662°  F.),  7.9  kg/mm2  or  11,200  lb./in.2;  elongation  in  2 inches  (50.8  mm),  at 
350  C.  (662  F.^),  is  per  cent.  Alloy  “Y”  though  weaker  than  other  alloys  at  ordiuary  temperatures  has  superior  tensile  strength  at  elevated  temperatures  as  well  as  higher  resist- 
ance to  alternating  stress.  It  is  immune  from  “season  cracking”  and  possesses  remarkable  resistance  to  corrosion. 
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Thermal  properties. 

Casting  shrink- 
age. 

r* 

in./ft. 

0.156 

.156 

.156 

© 

mm/m 

13.0 

13.0 

13.0 

Linear 
coeffi- 
cient of 
expan- 
sion 
X10« 

(per  1°C.) 

1C 

Melting 

point. 

y* 

cj 

Hardness  num- 
ber. 

Sclero- 

scope. 

CO 

9-25 

9-27 

Brinell. 

<N 

54-86 

40-01 

1 

i 

Tensile  properties. 

1 

Reduc- 
tion of 
area. 

a 

Per  ct. 
8.5-1 

11-2 

Elonga- 
tion in 
50.8  mm 

or  2 
inches. 

© 

Per  ct. 
6-1.5 

6-1 

1-2 

Prac- 

tically 

none. 

1-2 

English  lb./in.2 

Tensile 

strength. 

25,500- 

33.000 

20,600- 

30,500 

18,000- 

20.000 

19,  GOO- 

23. 000 

19,000- 

21.000 

Yield 

point. 

cc 

Pro- 

por- 

tional 

limit. 

- 

5,  GOO- 
14, 000 

Metric  kg/mm2 

Tensile 

strength. 

© 

..X, 

17.9- 

23.2 

14.5- 

21.4 

12.7- 

14.1 

13.4- 

16.2 

13.4- 

14.8 

Yield 

point. 

Pro- 

por- 

tional 

limit. 

3.5- 

9.8 

Spe- 

cific 

5 xz 

3)*~ 

CO 

2.  83 

2.95 

2.  83- 
2.  86 

Condition. 

Cast  at  700°  C. 
(1,292°  F.) 

...  .do 

•c 

c 

a 

« 

s 

CJ 

1 1 

1 £ £ 
d c 

r x) 

1 

1 ; ; 

1 . . 

Material  and  com- 
position. 

- 

Aluminum— Con . 

Copper,  nickel, 
magnesium, 
manganese— 
Al,  93.5;  Cu, 
3.5;  Ni,  1.5; 
Mg,  1.0;Mn, 
0.5. 

Copper,  nickel, 
manganese— 
Al.  94.2;  C11.  3: 

Ni,  2;  Mn, 
0.8. 

Copper,  tin14— 

Al,  90.0;  Cu, 

7.0- 8. 5;  Zn, 
max.,  0.2;  Si, 
Fe,  Zn,  Mn, 
Sn,  max.,  1.7; 
other  imp., 
none. 

Copper,  tin 16 — 

Al,  85.5;  Cu, 

11.0- 13.5;  Zn, 
max.,  0.2;  Si, 
Fe,  Zn,  Mn, 
Sn,  max.,  1.7; 
other  imp., 
none. 

Copper,  zinc, 
iron— 

Al,  88.0-92.0; 
Cu,  6.0-8.0; 
Zn,  max.,  2.5; 
Fe,  max.,  1.5; 
Si,  Mn,  Sn, 
max.,  0.75; 
other  imp., 
none. 
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0. 156 

13.0 

10 

10 

15 

15 

60 

50 

50 

74 

70 

7.5 

7.5 

2.0 

4.0 

5-10 

0 

6.2 

4.0 

5.7 

8.0 

8.0 

2.0 

4.0 

More 
than  1.0 

27  4 

28, 400 

24. 000 

24,700 

25, 380 

20,860 

26, 300 

28, 800 

35, 100 

41,200 

25,000- 

30.000 

2?  24,600 

6,700 

6,200 

14,000 

14,000 

O 

O 

16.9 

17.4 

17.8 

14.7 

18.5 

20.2 

24.7 

29.0 

17.6- 

21.1 

22  17.  3 

Tj-  00  CO 

rr  ^ o\  o> 

1 2.5- 
\ 2.65 

3.8 

2.88 

2.91 

2.85 

3.09 

3.0 

3.0 

\ do 

Cast,  sand 

Cast 

do 

do 

Cast  at  700°  C. 

(1,292°  F.). 
Annealed  500°  C. 

(932°  F.). 

Cast  at  700°  C. 

(1,292°  F.). 
Annealed  500°  C. 

(932°  F.). 

Cast  sand;  0.5 
In.  (12.7  mm) 
diam.20 

Cast,  chill 

Silicon  ( s 1 1 u - 
min)20— 

SI,  11-14;  Al, 
balance. 
Silver  (argen- 
tal) 21  — 

Al.  Air 

« I 

a? 

1 <“  3> 
.83^ 

H 

Zinc— 

Al,  Zn;  various 
proportions 
(see  fig.  10.) 
Zinc  (alzene)23. . 
Zinc,  copper 24— 
Al,  89;  Zn,  10; 
Cu,  1. 

Al,  88;  Zn,  10; 
Cu,  2. 

Al,  92;  Zn,  5; 
Cu,  3. 

Al,  88.6;  Zn, 
8.4;  Cu,  3. 

Al,  81.1;  Zn, 
15.9;  Cu,  3. 

Al,  81.0;  Zn, 
12.5-14.5;  Cu, 
2.25-3.25;  SI, 
Fe,  Mn,  Sn, 
max.  1.7; 

other  imp., 
none. 

Zinc,  copper 
(alloy  L 5) 26 — 
Zn,  12.5-14.5; 
Cu,  2.5-3; 
Al,  balance. 
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Fig.  3. — Tensile  properties  of  alu- 
minum-copper sand-cast  alloys. 


Fig.  4. — The  tensile  properties  of  alu- 
minum-copper chill-cast  alloys. 


H.  C.  Carpenter  and  C.  A.  Edwards,  8th 
report  to  the  alloys  research  committee  of  the 
Inst.  Mech.  Eng.;  1907. 


H.  C.  Carpenter  and  C.  A.  Edwards,  8th 
report  to  the  alloys  research  committee  of  the 
Inst.  Mech.  Eng.;  1907. 


Fig.  5. — The  tensile  properties  of  alu- 
minum-copper alloys  in  the  form  of 
sheet  0.05  in.  (1.27  mm)  thick. 

The  ingots  were  cast  Vz  in.  (15.9  mm)  thick, 
hot  rolled  to  Vz  in.  (9.52  mm),  cold  rolled  to 
% in.  (6.35  mm),  annealed,  cold  rolled  to  0.1 
in.  (2.54  mm),  annealed,  cold  rolled  to  0.05 
in.  (1.27  mm).  H.  C.  Carpenter  and  C.  A. 
Edwards,  8th  report  to  the  alloys  research 
committee  of  the  Inst.  Mech.  Eng.;  1907. 


Fig.  6. — The  tensile  properties  of  alu- 
minum-copper alloys  1 X in-  (3T-7 
mm)  diameter  bars  hot  rolled  from  3 
in.  ( 76.2  mm)  ingots. 

H.  C.  Carpenter  and  C.  A.  Edwards,  8th 
report  to  the  alloys  research  committee  of  the 
Inst.  Mech.  Eng. ; 1907. 


Fig.  7. — Variation  of  the  tensile  prop- 
erties of  duralumin  with  temperature. 


■CX  «v 


$3-1 


j 

300  SQO 


700 


temperature  of  annealing 


Fig.  8. — Effect  of  annealing  on  the 
tensile  properties  of  duralumin. 


E.  M.  Cohn,  Elektrotechnik  und  Machinen- 
bau,  8®,  pp.  809,  829;  1912;  and  Duralumin, 
Ver.  z.  Ford.  d.  Gewerbefleisses,  89,  p.  643; 
1910. 


L.  M.  Cohn,  Duralumin,  Elektrotechnik 
und  Machinenbau,  30,  pp.  809,  829;  1912;  and 
Duralumin,  Ver.  z.  Ford.  d.  Gewerbefleis- 
ses, 89,  p.  643;  1910. 


Physical  Properties  of  Materials. 


3i 


£ Q 

'80  60  40  20 

liacness  in  per  cent  of  that  of 
original  pi ate 


FlG.  9. — Effect  of  cold  working  on  the 
tensile  properties  of  duralumin. 

Samples  cold  rolled  from  a thickness  of  7 mm 
(0.276  in.).  L-  M.  Cohn,  Duralumin,  Elektro- 
technik  und  Machinenbau,  SO,  pp.  809,  829; 
1912;  and  Duralumin,  Ver.  z.  Ford.  d.  Gewer- 
befleisses,  89,  p.  643;  1910. 


Fig.  ii. — The  tensile  properties  of  alu- 
minum-zinc chill-cast  alloys. 


W.  Rosenhain  and  L.  Archbutt,  10th  report 
to  the  alloys  research  committee,  Inst.  Mech. 
Eng.;  1912. 


Fig.  12. — The  tensile  properties  of  alu- 
minum-zinc alloys;  1 % in.  (31.7 
mm),  diameter  bars  hot  rolled  from 
3 in.  {76.2  mm)  ingots. 

W.  Rosenhain  and  L.  Archbutt,  10th  report 
to  the  alloys  research  committee,  Inst.  Mech. 
Eng.;  1912. 


Fig.  10. — The  tensile  properties  of  alu- 
minum-zinc sand-cast  alloys. 


W.  Rosenhain  and  E.  Archbutt,  10th  report 
to  the  alloys  research  committee,  Inst.  Mech. 
Eng.;  1912. 


1.  Annealed  electrolytic  copper;  rate  of  load- 
ing 1,120  lb./in.2  (0.79  kg/mm2)  per  minute, 
tested  in  air.  (G.  D.  Bengough  and  D.  Han- 
son, Jour.  Inst.  Met.,  12,  p.  56;  1914-) 

2.  Rolled  arsenical  copper;  rate  of  loading 
1,120  lb./in.2  (0.79  kg/mm2)  per  minute,  tested 
in  CO2.  (G.  D.  Bengough  and  D.  Hanson, 
Jour.  Inst.  Met.,  12,  p.  56;  1914-) 

3.  Annealed  electrolytic  copper,  tested  in 
air.  (A.  K.  Huntington,  Jour.  Inst.  Met., 
8,  p.  126;  1912.) 

4.  Arsenical  copper,  tested  in  air.  (A.  K. 
Huntington,  Jour.  Inst.  Met.,  12,  p.  334;  1914  ) 

5.  Yield  point  for  electrolytic  copper. 
(B.  S.  Circular  No.  73,  p.  41;  1918.) 

6.  “Pure”  copper,  Le  Chatelier,  Congr^s 
des  M6thodes  d’  Essais,  Paris;  1912. 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals — Continued. 
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Ce 
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Co,  97-99;  C, 
0.062. 

C.  0.25 

Chromium 

(stellite).45 

Co,  59.5;  Cr, 
22.5;  Mo,  10.8; 
Fe,  3.1;  Mn, 
2.0;  C,  0.9;  Si, 
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cold  from  0.125  to  0.025  inch  (3.18  to  0.64  mm). 

at  150°  C.  (302®  F.)  from  0.031  to  0.025  inch  (0.79  to  0.64  mm). 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals— Continued. 
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TABLE  4. — Tensile  Requirements  of  Soft  or  Annealed  Copper  Wire. 

[A.  S.  T.  M.  specification  B 3-15.] 


Diameter. 

Tensile  strength. 

Elonga- 
tion 
(mini- 
mum) 
in  254 
mm  (10 
in.). 

mm 

11.  70-7. 37 

7. 34-2.  62 

2.  59-  . 53 
. 51-  . 08 

in. 

0. 460-0. 290 
. 289-  . 103 
. 102-  . 021 
. 020-  . 003 

kg/mm2 

25.3 

26.0 

27. 1 

28.2 

Ib./in.2 

36. 000 

37.000 
38, 500 

40. 000 

Per  cent. 
35 

30 

25 

20 

TABLE  5. — Tensile  Requirements  of  Medium  Hard-Drawn  Copper  Wire. 

[A.  S.  T.  M.  specification  B 2-15.] 


niamptflT. 

A.  W.  G. 

Tensile  strength. 

Elongation 

(No.). 

Minimum. 

Maximum. 

(minimum). 

mm 

in. 

kg/mm2 

lb  ./in.2 

kg/mm2 

lb./in.2 

Per  cent  in 
254  mm 
(10  in.). 

11.  68 

0.  460 

0000 

29.5 

42,000 

34.4 

49,000 

3.75 

10.  40 

.410 

000 

30.2 

43,000 

35.1 

50,000 

3.6 

9.  27 

.365 

00 

30.9 

44,000 

35.8 

51,000 

3.  25 

8. 25 

.325 

0 

31.6 

45,000 

36.5 

52,000 

3.0 

7. 35 

.289 

1 

32.3 

46,000 

37.2 

53,000 

2.75 

6.  54 

.258 

2 

33.0 

47,000 

37.9 

54,000 

2.5 

5.  83 

.229 

3 

33.7 

48,000 

38.7 

55,000 

2. 25 

5.19 

.204 

4 

34.0 

48,330 

38.9 

55, 330 

Per  cent  in 
1,524  mm 
(60  in.). 
1.25 

4.  62 

.182 

5 

34.2 

48,660 

39.1 

55,660 

1.20 

4.12 

.162 

6 

34.4 

49,000 

39.4 

56, 000 

1.15 

3.  66 

. 144 

7 

34.7 

49, 330 

39.6 

56, 330 

1.11 

3.  26 

.128 

8 

34.9 

49, 660 

39.8 

56,660 

1.08 

2.91 

.114 

9 

35.1 

50,000 

40.1 

57,000 

1.06 

2.  59 

.102 

10 

35.4 

50,330 

40.3 

57, 330 

1.04 

2.  31 

.091 

11 

35.6 

50, 660 

40.5 

57, 660 

1.02 

2. 05 

.081 

12 

35.8 

51,000 

40.8 

58,000 

1.00 

1. 83 

.072 

13 

36.0 

51, 330 

41.0 

58, 330 

.98 

1.63 

.064 

14 

36.3 

51,660 

41.2 

58, 660 

.96 

1.45 

.057 

15 

36.5 

52, 000 

41.5 

59, 000 

.94 

1. 29 

.051 

16 

36.8 

52, 330 

41.7 

59,330 

.92 

1.15 

.045 

17 

37.0 

52,660 

41.9 

59, 660 

.90 

1.02 

.040 

18 

37.2 

53,000 

42.2 

60,000 

.88 

Proportional  limit  of  medium  hard-drawn  copper  wire  averages  50  per  cent  of  tensile  strength  required 
specifications. 
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TABLE  6.— Tensile  Requirements  of  Hard-Drawn  and  Hard-Rolled  Copper  Wire — Specification 

Values. 


[Specific  gravity,  8.89  at  20®  C.  (68°  F.).  For  copper  wire  and  for  hard-drawn  and  hard-rolled  flat  copper  of  thicknesses 
corresponding  to  diameters  of  wire.  (A.  S.  T.  M.,  B 1-15.)] 


Diameter. 

A.  W.  G. 
No. 

Minimum  tensile 
strength. 

Minimum 

elongation. 

mm 

11.68 

in. 

0.460 

0000 

kg/mm2 

34.5 

lb./in.* 

49,000 

Per  cent  in 
254  mm 
(10  in.). 

3.  75 

10.40 

.410 

000 

35.9 

51,000 

3.  25 

9.  27 

.365 

00 

37.1 

52,  800 

2.  80 

8.25 

.325 

0 

38.3 

54,  500 

2.  40 

7.35 

.289 

1 

39.4 

56, 100 

2.17 

6.  54 

.258 

2 

40.5 

57,600 

1.98 

5.83 

.229 

3 

41.5 

59,000 

1.79 

5. 19 

.204 

4 

42.2 

60, 100 

Per  cent  in 
1,524  mm 
(60  in.). 

1.  24 

4.62 

.182 

5 

43.0 

61,200 

1. 18 

4. 12 

.162 

6 

43.7 

62, 100 

1.  14 

3.  66 

.144 

7 

44.3 

63.000 

1.09 

3.  26 

.128 

8 

44.8 

63,  700 

1.06 

2. 91 

.114 

9 

45.2 

64,300 

1.02 

2.  59 

.102 

10 

45.9 

64,900 

1.00 

2.31 

.091 

11 

46.0 

65,400 

.97 

2. 05 

.081 

12 

46.2 

65,  700 

.95 

1.83 

.072 

13 

46.3 

65,900 

.92 

1.63 

.064 

14 

46.5 

66,  200 

.90 

1. 45 

.057 

15 

46.7 

66,400 

.89 

1.29 

.051 

16 

46.8 

66,  600 

.87 

1.15 

.045 

17 

47.0 

66,800 

.86 

1.02 

.040 

18 

47.1 

67,000 

.85 

Proportional  limit  of  hard-drawn  copper  wire  averages  55  per  cent  of  tensile  strength  required  in  these  specifications 
for  four  largest-sized  wires  in  table,  and  60  per  cent  of  tensile  strength  for  smaller  sizes. 


TABLE  7. — Tensile  Requirements  of  Copper  Plates. 

[A.  S.  T.  M.  specification  B 11-18.] 


Analysis. 

Tensile  strength. 

Elongation 
in  203.2 
mm  (8  in.). 

Copper,  arsenical,  As,  0.25-0.50;  impurities,  max,  0.12 

kg/mm* 

21.8 

lb./in.* 

31.000 

30. 000 

Per  cent 

35 

Copper,  nonarsenical,  impurities,  max.,  0.12 

21.1 

30 

TABLE  8. — Tensile  Requirements  of  Rolled  Copper — Specification  Values, 

[U.  S.  Navy  Department,  47C2b,  minimums  for  rolled  copper,  Cu,  min.  99.5.] 


Description. 

Temper. 

Thickness. 

Tensile  strength. 

Elonga- 
tion in 
50.8  mm 
(2  in.). 

Rods,  bars,  and  shapes  1 . 

Soft 

kg/mm* 

21.1 

lb./in.* 

30.000 

50.000 
45,  000 

Per  cent. 

25 

Hard 

To  9.5  trim  (3/8  in.),  inclusive 

35.2 

10 

...do 

9.5  to  25.4  mm  (1  in.) 

31.6 

12 

...do 

25.4  to  50.8  mm  (2  in.) 

28.1 

40,000 

15 

do 

Over  50.8  mm  (2  in.) 

24.6 

35, 000 

30, 000-40, 000 
35, 000 

20 

Sheets  and  plates 

Soft 

21. 1-28. 1 

25 

Hard 

24.6 

18 

1 Hammer  test:  Bars  shall  stand  hammering  hot  to  a fine  point.  Bending  test:  Bars  shall  stand  bending  cold  through 

X3o°  to  radius  equal  to  diameter  or  thickness  of  test  bar. 
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The  general  system  of  nomenclature  employed  has  been  to  denominate 
(a)  all  simple  copper-zinc  alloys  as  brasses;  (6)  all  simple  copper-tin  alloys 
as  bonzes;  and  (c)  three  or  more  metal  alloys  composed  primarily  of  either 
of  these  two  combinations  as  alloy  brasses  or  bronzes , as,  for  example,  “ Zinc 
bronze”  for  U.  S.  Government  composition  “G, ” Cu,  88  per  cent;  Sn,  io 
per  cent;  Zn,  2 per  cent.  Alloys  of  the  third  type  noted  above,  together 
with  other  alloys  composed  mainly  of  copper,  have  been  called  copper 
alloys,  with  the  alloying  elements  other  than  minor  impurities  listed  as 
modifying  copper  in  the  order  of  their  relative  percentages.  In  some 
instances  the  scientific  name  used  to  denote  an  alloy  is  based  upon  the 
deoxidizer  used  in  its  preparation,  which  may  appear  either  as  a minor 
element  of  its  composition  or  not  at  all,  as,  for  example,  phosphor  bronze. 
Commercial  names  are  shown  below  the  scientific  names.  In  some  cases 
a commercial  name  is  used  for  alloys  of  widely  varying  composition. 


Fig.  14. — Fatigue  properties  of  alumi- 
num and  manganese  bronzes. 

W.  M.  Corse  and  G.  F.  Comstock,  Proc. 
A.  S.  T.  M.,  162,  p.  117;  1916. 

The  tests  were  made  in  White-Souther  ma- 
chine. For  chemical  composition  and  other 
physical  properties  of  tested  metals  see  Table  21. 
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75  Winkelman’s  Handbuch  der  Physik,  1908,  1,  1,  gives  for  60/40  cast  brass  the  modulus  of  elasticity  9,220  kg/mm2  (13,100,000  lb. /in.2)  and  modulus  of  elasticity  in  shear  3,390 
kg/mm2  (4,820,000  lb. /in.2). 

70  10  mm  ball  and  1,000  kg  (2,204  lb.)  load. 

77  In  very  thin  sheets,  on  account  of  the  difficulties  in  testing,  the  elongation  may  be  considerably  less  than  the  values  given  above. 

78  Suitable  for  al  1 flanges  for  copper  pipe  and  other  fittings  that  arc  to  be  brazed. 
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Fig.  15. — Correlation  between  the  heat  treatment  and  the  tensile  properties  of  nickel- 

silvers. 


F.  C.  Thompson,  Jour.  Inst.  Met.,  15,  p.  230;  1916;  17,  p.  119;  1917;  27,  p.  227;  1922.  For  chemical 
composition  see  Table  1. 


Physical  Properties  of  Materials. 


67 


F.  C.  Thompson,  Jour.  Inst.  Met.,  15,  p.  230;  1916;  17,  p.  119;  1917;  27,  p.  227;  1922.  For  chemical 
composition  see  Table  x. 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals — Continued. 


68  Circular  of  the  Bureau  of  Standards. 


Refer- 

ence. 

QO 

(169) 

(47) 

(47) 

(47) 

(47) 

(47) 

(47) 

(47) 

(47) 

(169) 

(97) 

Thermal  properties. 

Casting  shrink- 
age. 

in./ft. 

CO 

mm/m 

Linear 
coeffi- 
cient of 
expan- 
sion 
X10& 

(perl°C.). 

kO 

Melting 

point. 

cj 

Hardness  num- 
ber. 

Sclero- 

scope. 

03 

17 

32 

36 

44 

16 

28 

35 

43 

Brinell. 

e* 

1 46 

89 

156 

164 

173 

82 

152 

163 

173 

80 

Tensile  properties. 

Reduc- 
tion of 
area. 

s 

Per  ct. 

42.0 

54.2 

42.2 

28.3 

17.0 

62.5 

48.7 

33.3 

27.2 

25.1 

Elonga- 
tion in 
50.8  mm 
or  2 
inches. 

10 

Per  ct. 

40.5 

35.0 

5.0 

3.5 

1.5 

40.2 

6.5 

3.2 

2.0 

28.5 



English  lb./in.1 

Tensile 

strength. 

36,000 

59.100 

81.100 

89,400 

101,700 

58.100 

78,300 

90. 100 

99,800 

40,900 

Yield 

point. 

» 

32.400 

78.800 

89.400 

101,700 

33,000 

76,700 

90, 100 

99.800 

Pro- 

por- 

tional 

limit. 

15,400 

■ 

18,800 

Metric  kg/mm* 

Tensile 

strength. 

«D 

25.3 

41.6 

57.1 

62.9 

71.5 

40.9 

55.1 

63.4 

70.2 

28.8 

Yield 

point. 

22.8 

55.4 

62.9 

71.5 

23.2 

54.0 

63.4 

70.2 

Pro- 

por- 

tional 

limit. 

10.8 

13.2 

Spe- 

cific 

grav- 

ity. 

03 

8.5 

8.7 

Condition. 

a 

c 

Cold  rolled,  mill 
annealed. 

Cold  rolled,  25.9 
per  cent  reduc- 
tion. 

Cold  rolled,  46.0 
per  cent  reduc- 
tion. 

Cold  rolled,  76.0 
per  cent  reduc- 
tion. 

Cold  rolled,  mill 
annealed. 

Cold  rolled,  26.8 
per  cent  reduc- 
tion. 

Cold  rolled,  48.0 
per  cent  reduc- 
tion. 

rnlrt  rnllpH. 

per  cent  reduc- 
tion. 

Material  and  com- 
position. 

- 

Copper — Contd. 

Zinc,  nickel 
(nickel-sil- 
ver)— 

Cu,  60.4;  Zn, 
31.8;  Ni, 7.7. 

Cu,  65.60;  Ni, 
17.77;  Fe, 
0.24;  Mn, 
0.06;  Pb,  1.08; 
Zn,  balance. 

Cu,  65.44;  Ni, 
17.83;  Fe, 
0.35;  Mn, 
0.08;  Zn,  bal- 
ance. 

Zinc,  nickel 
(German  or 
nlckel-sil- 

Cu,  6\.6;5  Zn, 
17.2;  Ni, 21.1. 

Zinc,  nickel 

(nlckel-sil- 

Physical  Properties  of  Materials. 


69 


Reduc- 
tion of 

if 

Per  cent. 

36 

33 

50 

51 

52 

53 

40 

42 

i 

1 

Per  cent. 
32 

27 

44 

50 

62 

61 

39 

30 

i 

lb./ln.2 

58.000 

49.000 
44,700 
39,800 
25,600 

9,230 

2,840 

710 

pooio^oomo»o 

j 

| 

lb./ln.2 

25,600 
24,500 
24, 200 
23, 300 
17, 800 
6,400 
2,270 

flONO^vni^vo  • 

H 

ri8§s3S!gi 

jiSaSSsSSS 

TABLE  1. — Tensile  and  Thermal  Properties  of  Metals — Continued. 


7° 


Circular  of  the  Bureau  of  Standards 


Refer- 

ence. 

00 

(162) 

(162) 

! (162) 

(163) 

(163) 

(163) 

(163) 

(198) 

(198) 

(198) 

(198) 

Thermal  properties. 

Casting  shrink- 
age. 

5 

in./ft. 

mm/m 

Linear 
coeffi- 
cient of 
expan- 
sion 
X106 

(perl°C.). 

Melting 

point. 

d 

Hardness  num- 
ber. 

Sclero- 

scope. 

40 

Brinell. 

©1 

Tensile  properties. 

Reduc- 
tion of 
area. 



a 

Per  ct. 

36 

40 

45 

Elonga- 
tion in 
50.8  mm 
or  2 
inches. 

10 

Per  ct. 
min. 

28 

min. 

QO 

min. 

35 

min. 

25 

min. 

30 

min. 

35 

min. 

40.0 

25 

27 

30 

22 

English  lb./in.2 

Tensile 

strength. 

OS 

min. 

60,000 

min. 

nnn 

min. 

50.000 

min. 

62.000 
min. 
60, 000 

min. 

56.000 
min. 

54.000 

60.000 

58.000 

55.000 

60.000 

Yield 

point. 

00  - 

• 8 .g 

flc 

S S 9 <n 

min. 

20,000 

min. 

31.000 
min. 

30.000 

min. 

25.000 
min. 

22.000 

30.000 

29.000 

23.000 

36.000 

Pro- 

por- 

tional 

limit. 

Metric  kg/mm2 

Tensile 

strength. 

ee 

42.2 

38.7 

35.2 

43.6 

42.2 

39.4 

38.0 

42.2 

40.8 

38.7 

42.2 

Yield 

point. 

k© 

16.9 

15.5 

14.1 

21.8 

21.1 

17.6 

15.5 

21.1 

20.4 

16.2 

25.3 

Pro- 

por- 

tional 

limit. 

y* 

Spe- 

cific 

grav- 

ity. 

40 

Condition. 

Tubing  thickness 
of  wall  up  to  $ 
in.  (3.17  mm). 

S-sa  s£  - 

1 e 

2 CO  ^2  UD  >C 

3 ow  3 C 

1 H ft 

(25.4  mm). 

Rod,  1-2  J in. 

(25.4-63.5  mm). 
Rod,  2£-3J  in. 

(63.5-88.8  mm). 
Rod,  over  3£  in. 
(88.8  mm). 

Rod,  0-0.5  in.  (0- 
12.7  mm). 

Rod,  0.5-1  in. 
M2.7-M.4  mm  V 

Rod,  over  1 in. 

(25.4  mm). 
Tubing  and  sheet, 
wall  or  thick- 
ness, 0-0.125  in. 
(3.17  mm). 

Material  and  com- 
position. 

- 

Copper— Con  td. 
Zinc,  tin  (Na- 
val brass 
or  Tobin 
bronze)10 — 
Cu,  59.0-62.0; 
Sn,  0.5-1.5; 
Fe,  max.  0.1; 
Pb,  max.  0.3; 
other  imp., 
max.  0.1;  Zn, 
remainder. 

Zinc,  tin  (Na- 
val brass 
or  Tobin 
bronze)11— 
Cu,  59.0-62.0; 
Sn,  0.5-1. 5; 
Fe,  max.  0.1; 
Pb,max.  0.3; 

max.  0.1;  Zn, 
remainder. 

Zinc,  tin  (torpedo 
bronze)12— 
Cu,  59-62;  Sn, 
0.5-1. 5;  Pb, 
max.  0.3;  Fe, 

remainder ; 
to  contain  no 
Al. 

23.2  1 38.  7 | I 33,000  1 55,000 


Physical  Properties  of  Materials. 


7* 


§ 


s 


o 


8 


O 

§ 

CO 

CVJ 


o o 
o o 
i>-  \n 


xn  \o 


jjiioo  _g  “o  - 
MjaJjcL  co.a.w» 
^ -o  ■"  «j 

s So-  .g«® 

pS«a|^S« 


e 


, « s. 


;j4  “IQ 

! « © a 
a 

S*' 


is  «?  is 

*3  g«,  c?S|j3  S 

SS“s^l|B'g3o|£5 

*>  4)  C~-  c <U  <D  U5  f'  l-  M 

Wn  Q » CO  « « to  C O.  ® n®5 

,gc«’§cs;’§sa  2 «c«« 
« « « tflS  s 


e.^  ui  i • h in 
3 ^ ^ 

« . ■ ■■Z  o >o 

= ^225=^ 

geo-  ^ os  . <j 

^■^5  I a a 

so™  m Em 

Cinm  Bi/i  a 
— "2  C4  5 


■M  00  U - - 

u .5  o a£°,ir>5ir) 

d2a°cSN.^s^  a 

— is  ad  a - ovo  30c 

H H H 


• a*  *q 

1-M  . 


£ I « ..0^*2 

'-'s-^\0  Ul^OJ 

_,  cn  i • . .os 

=!®3s3b 

„-S  go  2 S 2 
H u 
N 


^ *N 


^ > o”  I BBNCRUdBSCCM 
1.0  flNtOoNtO  SNtOoNwd 
. I . a?  o „ ®‘AT  . ®‘  ^ ®‘ 

flto  ^ ..sr1°:  oo  ^ ®i  dfe  «?  z* 
- .SgjaS'jNS'toS*:^** 
£>  £ 1 0 ~ .o,  ^ „o  o .00  -J  .c-°i 
• sWu‘3«oatHS«N3nN 

I O SO  O U u 

N N 


O 

$3 

tJ 

0 £ 
<fl  a 
'•O-2 

ai'o 


a a 

i| 

O'tS 


® o 


§.0  2 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals— Continued. 


it 

h 

Circ 

00 

ular  oj  the  Bureau  oj  Standards. 

N 00  <y\  OiH  Ot  N vO 

£2  ^ o O^O^On©  52^  IS  w *0  *0  OiOi 

Thermal  properties. 

Casting  shrink- 
age. 

r- 

in./ft. 

e 

mm/m 

Linear 

coefll- 

cient  of 
expan- 
sion 

xio* 

(perl'C.). 

‘C 

'*14.43 

O 

OS 

CO 

Melting 

point. 

U 

-H 

00 

co 

co 

NO 

o 

0 

vO 

CO 

CVJ 

O 

CO 

s 

Hardness  num- 
ber. 

Sclero- 

scope. 

ec 

00 

Brinell. 

Cl 

CO 

0 m in 

On 

55-59 

Tensile  properties. 

Reduc- 
tion of 
area. 

Per  ct. 

82.5 

83.0 

87.0 

84.3 

93.5 

Elonga- 
tion in 
50.8  mm 
or  2 
inches. 

c 

Per  ct. 

o 

v/> 

N 

40.5 

33.0 

52.0 

26.0 

60.0 

English  lb./in.3 

Tensile 

strength. 

a 

8,000 

38,400 

14,200 

25. 000 

37.000 

65,100 

50.000 

145,000 

42,000 

54,800 

38, 100 

32,700- 

35,500 

34, 100- 

37,000 

54, 700 

34.900 

Yield 

point. 

cc 

8,000 

48,400 

17,960 

50, 700 

17,600 

Pro- 

por- 

tional 

limit. 

000 'SI 

Metric  kg/mm3 

Tensile 

strength. 

<£ 

5.6 

27.0 
10.  0 
17.6 

26.0 

45.8 

35.1 

102.0 

29.5 

38.7 

26.8 

23- 25 

24- 26 

38.5 

24.5 

Yield 

point. 

«5 

5.6 

34.1 

12.7 

35.7  | 

12.4 

Pro- 

por- 

tional 

limit. 

10.5 

j Spe- 

cific 
! grav- 

ity. 

ce 

1.64 

co 

17.2 

00 

Condition. 

•c 

« 

c 

■c 
a 
1 a 
; 4 
; p 

i< 

Cast 

Drawn  harH 

i 

i 

l 

! e 
: t 
f 

i 

T 

s 

JC 

C 

* 

a 

e 

! 

j 

i 

Annealed  and 
normalized. 

Forged 

C.  (1,652°  F.). 

l 

B 

X 

T 

; c 
) : 

)(Z 

! 

f 

) 

r 

; 4 

5 a 

As  forged 

Annealed  at  1,000° 

I C.  (1,832°  F.).  | 

Material  and  com- 

i 

i 

g 

G 

E 

G 

e 

■if 

>gg 

Ills 

3 s ® 

)5~ 

vr 

8 

)C 

1 

1 

§ 

c 

c 

i 5 
: < 

c 

c 

1 1 C 

« u a 
. o 

S as 
: §•< 
o 

it- 

r s 

)C 

^ oc 

r s 
:< 

Silver -copper— 
Au,  58;  Ag,  12; 
Cu,  30. 
Iridium : 20 

Tr 

Iron: 

(Pure)33— 

C,  max.  0.02; 
other  impuri- 
ties less  than 
0.03. 

(Electrolytic  re- 
melt)2*— 

C,  0.01 25;  other 
i mpurities, 
less  than  0.05 
per  cent. 

Iron  2* 

Aluminum  — 

Al,  0 (labora- 
tory product). 
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1 According  to  Wedding  cast  metal  having  a tenacity  greater  than  50  kg/mm  2 should  be  called  Flussstahl,  while  with  a smaller  tenacity  it  should  be  called  Flusseisen. 
Weld  metal  with  a tenacity  exceeding  42  kg/mm  3 should  be  called  Schweissstahl  and  with  a less  tenacity,  SchweisseLsen. 
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iron.  au  Bas-Foyer).  Comte  or  Walloon  (always  refers  to 

jern.  Lancashire  iron 

from  Sweden). 
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A numeral  index  system  is  used  for  the  specifications  given  below, 
which  makes  it  possible  to  use  specification  numerals  on  shop  drawings 
and  blue  prints  that  are  partially  descriptive  of  the  quality  of  material 
covered  by  such  numbers.  The  first  figure  indicates  the  class  to  which 
the  steel  belongs.  Thus,  “i”  indicates  a carbon  steel,  “2”  a nickel  steel, 
and  “3  ” a nickel-chromium  steel.  In  the  case  of  the  alloy  steels  the  second 
figure  generally  indicates  the  approximate  percentage  of  the  predominant 
alloying  element.  Usually  the  last  two  or  three  figures  indicate  the  average 
carbon  content  in  “points,”  or  hundredths  of  1 per  cent.  Thus,  “2340” 
indicates  a nickel  steel  of  approximately  3 per  cent  nickel  (3.25  to  3.75) 
and  0.40  per  cent  carbon  (0.35  to  0.45)  and  71360  indicates  a tungsten 
steel  of  about  13  per  cent  tungsten  (12  to  15)  and  0.60  per  cent  carbon 
(0.50  to  0.70).  The  basic  numerals  for  the  various  qualities  of  steels 
specified  are: 


Carbon  steels 1 

Nickel  steels 2 

Nickel-chromium  steels 3 

Molybdenum  steels 1 4 


Chromium  steels 5 

Chromium- vanadium  steels 6 

Tungsten  steels 7 

Silico-manganese  steels 8 


2.  CHEMICAL  COMPOSITIONS. 

CARBON  STEELS. 


S.  A.  E.  steel  No. 

Carbon, 

Manganese, 

Phosphorus, 

Sulphur, 

range. 

range. 

maximum. 

maximum. 

1010 

0. 05-0.15 

0.30-0.60 

0.045 

0.05 

1015 

.10-  .20 

.30-  .60 

.045 

.05 

1020 

.15-  .25 

.30-  .60 

.045 

.05 

1025. 

.20-  .30 

.50-  .80 

.045 

.05 

1030 

.25-  .35 

.50-  .80 

.045 

.05 

1035 

.30-  .40 

.50-  .80 

.045 

.05 

1040 

.35-  .45 

.50-  .80 

.045 

.05 

1045 

.40-  .50 

.50-  .80 

.045 

.05 

1046 

.40-  .50 

.30-  .50 

.045 

.05 

1050 

.45-  .55 

.50-  .80 

.045 

.05 

1095 

.90-1.05 

.25-  .50 

.040 

.05 

SCREW  STOCKS. 

1112 

0.08-0.16 

0.60-0.80 

0.09-0.13 

0. 075-0. 15 

1120 

.15-  .25 

.60-  .90 

.06 

.075-  .15 

STEEL  CASTINGS. 


1235 

As  required 
by  physical 

0.05 

0.05 

properties. 

1 This  numeral  has  been  agreed  upon  as  the  index  to  the  molybdenum  group,  but  no  specific  compositions  have  as  yet 
been  approved. 
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2.  CHEMICAL  COMPOSITIONS— Continued. 

NICKEL  STEELS. 


S.  A.  E.  steel  No. 

Carbon, 

range. 

Manganese, 

range. 

Phosphorus, 

ma  rimum . 

Sulphur, 

maximum. 

Nickel 

range. 

2315 

0. 10-0.20 

0. 30-0. 60 

0.04 

0. 045 

3.  25-3. 75 

2320 

.15-  .25 

. 50-  . 80 

.04 

.045 

3.25-3.75 

2330 

. 25-  . 35 

.50-  .80 

.04 

.045 

3. 25-3. 75 

2335 

.30-  .40 

.50-  .80 

.04 

.045 

3.25-3.75 

2340 

. 35-  . 45 

.50-  .80 

.04 

.045 

3.25-3.75 

2345 

. 40-  . 50 

. 50-  . 80 

.04 

.045 

3.25-3.75 

2350 

.45-  .55 

.50-  .80 

.04 

.045 

3.25-3.75 

2512 

Max.  . 17 

.30-  .60 

.04 

.045 

4. 50-5. 25 

NICKEL-CHROMIUM  STEEL. 


S.  A.  E.  steel  No. 

Carbon, 

range. 

Manganese, 

range. 

Phosphorus, 

maximum. 

Sulphur, 

maximum. 

Nickel, 

range. 

Chromium, 

range. 

3115 

0. 10-0. 20 

0. 30-0. 60 

0.04 

0.040 

1.00-1.50 

0.45-0. 75 

3120 

.15-  .25 

. 30-  . 60 

.04 

.045 

1.00-1.50 

. 45-  . 75 

3125 

. 20-  . 30 

.50-  .80 

.04 

.045 

1.00-1.50 

.45-  .75 

3130 

.25-  .35 

.50-  .80 

.04 

.045 

1.00-1.50 

. 45-  . 75 

3135 

.30-  .40 

.50-  .80 

.04 

.045 

1. 00-1.  50 

.45-  .75 

3140 

.35-  .45 

.50-  .80 

.04 

.045 

1.00-1.50 

.45-  .75 

3215 

.10-  .20 

. 30-  . 60 

.04 

.040 

1. 50-2. 00 

.90-1.25 

3220 

.15-  .25 

. 30-  . 60 

.04 

.040 

1.50-2.00 

.90-1.25 

3230 

.25-  .35 

.30-  .60 

.04 

.040 

1. 50-2. 00 

.90-1.25 

3240 

.35-  .45 

.30-  .60 

.04 

.040 

1.50-2.00 

.90-1.25 

3245 

.40-  .50 

. 30-  . 60 

.04 

.040 

1.50-2.00 

.90-1.25 

3250 

. 45-  . 55 

.30-  .60 

.04 

.040 

1.50-2.00 

.90-1.25 

3312 

Max.  . 17 

. 30-  . 60 

.04 

.040 

3. 25-3. 75 

1.25-1.75 

3325 

. 20-  . 30 

. 30-  . 60 

.04 

.040 

3. 25-3. 75 

1.25-1.75 

3335 

.30-  .40 

.30-  .60 

.04 

.040 

3. 25-3. 75 

1.25-1.75 

3340 

.35-  .45 

. 30-  . 60 

.04 

.040 

3.25-3.75 

1.25-1.75 

3415 

.10-  .20 

. 45-  . 75 

.04 

.040 

2. 75-3. 25 

.60-  .95 

3435 

.30-  .40 

. 45-  . 75 

.04 

.040 

2.75-3.25 

.60-  .95 

3450 

.45-  .55 

. 45-  . 75 

.04 

.040 

2. 75-3. 25 

.60-  .95 

CHROMIUM  STEEL. 


S.  A.  E.  steel  No. 

Carbon, 

range. 

Manganese, 

range. 

Phosphorus, 

maximum. 

Sulphur, 

matimiiiTi. 

Chromium, 

range. 

5120 

0. 15-0. 25 

0. 30-0. 60 

0.04 

0. 045 

0. 60-0. 90 

5140 

.35-  .45 

.50-  .80 

.04 

.045 

. 80-1. 10 

5150 

.45-  .55 

.50-  .80 

.04 

.045 

. 80-1. 10 

52100 

.95-1.10 

.20-  .50 

.03 

.030 

1.20-1.50 

CHROMIUM-VANADIUM  STEELS. 


S.  A.  E.  steel  No. 

Carbon, 

range. 

Manganese, 
range.  1 

Phosphorus, 

maximum. 

Sulphur, 

maximum. 

Chromium, 

range. 

Vana 

Minimum. 

dium. 

Desired. 

6120 

0. 15-0. 25 

0. 50-0.80 

0.04 

0.04 

0. 80-1. 10 

0.15 

0. 18 

6125 

.20-  .30 

.50-  .80 

.04 

.04 

. 80-1. 10 

.15 

.18 

6130 

.25-  .35 

. 50-  . 80 

.04 

.04 

. 80-1. 10 

.15 

.18 

6135 

.30-  .40 

.50-  .80 

.04 

.04 

.80-1. 10 

.15 

.18 

6140 

.35-  .45 

.50-  .80 

.04 

.04 

.80-1.10 

.15 

.18 

6145 

.40-  .50 

.50-  .80 

.04 

.04 

. 80-1. 10 

.15 

.18 

6150 

. 45-  . 55 

.50-  .80 

.04 

.04 

. 80-1. 10 

.15 

.18 

6195 

. 90-1. 05 

.20-  .45 

.03 

.03 

.80-1.10 

.15 

.18 
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2.  CHEMICAL  COMPOSITIONS— Continued. 

TUNGSTEN  STEELS. 


S.  A.  E.  steel  No. 

Carbon, 

range. 

Manganese, 

maximum. 

Phosphorus, 

maximum. 

Sulphur, 

maximum. 

Chromium, 

range. 

Tungsten, 

range. 

71360 

0. 50-0. 70 

0.30 

0.035 

0.035 

3.00-4.00 

12.00-15.00 

71660 

.50-  .70 

.30 

.035 

.035 

3.00-4.00 

15. 00-18. 00 

7260 

.50-  .70 

.30 

.035 

.035 

.50-1.00 

1.50-  2.00 

SILICQ- MANGANESE  STEELS. 


S.  A.  E.  steel  No. 

Carbon, 

range. 

Manganese, 

range. 

Phosphorus, 

maximum. 

Sulphur, 

maximum. 

Silicon, 

range. 

9250  

0.45-0.55 
.55-  .65 

0. 60-0.90 
.60-  .90 

0. 045 
.045 

0.045 

.045 

1.80-2.20 

1.80-2.20 

9260 

3.  HEAT  TREATMENT. 

The  charts  below  (see  figs.  1 7 to  25)  are  intended  as  a guide  to  the  proper 
heat  treatment  and  to  the  physical  properties  that  may  be  expected  of  a 
standard  0.505  by  2 in.  (12.82  by  50.8  mm)  test  specimen  machined  from 
rolled  bars  up  to  ij^-in.  (38.10  mm)  diameter  or  square. 

Brinell  and  scleroscope  hardnesses  are  taken  at  a distance  from  the 
center  equal  to  one-half  the  radius  and  are  not  to  be  compared  with  surface 
readings  on  heat-treated  bars.  For  bars  over  ifA  in.  (38.10  mm)  in  di- 
ameter or  square  these  charts  do  not  apply. 


Fig.  17. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 


S.  A.  E.  Standard  Iron  and  Steel  Specifications,  March,  1922. 
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Fig.  i8. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 

S.  A.  E,  Standard  Iron  and  Steel  Specifications,  March,  1922. 
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Fig.  19. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 
S.  A.  E.  Standard  Iron  and  Steel  Specifications,  March,  1922. 


Physical  Properties  of  Materials. 


Si 


SA.EStee/ 2330 
ftorm.  at  1650  to  1750  °F[300to35SX) 


SA.EStee/  2330 

tlorm.at/625tol725aF(88rtoM  °CJ 


SA.EStee/ 2340 

nornwtmmmmowc] 


\\Quminoilatlt50tom0FF788todl6XF^\Quen!nmromm50tnmrj788to2/6X)\^minoilatin5toim°F[7/4to802X) 


ii/ 1 30i T2?e  1 2291  2 n YT5T\B.hn. 


M ~FF5 

4co  too  too 

Drawing  temperature 


lioo  °t 

<fw  Soo  8oo  too  °( 
Drawing  temperature 


Drawing  temperature 

Fig.  20. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 
S.  A.  E.  Standard  Iron  and  Steel  Specifications,  March,  1922. 


SA.E Steel  JJ 20  SA.EStee/  3/20  SA.E Steel  3/30 


Drawing  temperature  Drawing  temperature  Drawing  temperature 

FlG.  21. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 

S.  A.  E.  Standard  Iron  and  Steel  Specifications,  March,  1922. 
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Fig.  22. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 
S.  A.  E.  Standard  Iron  and  Steel  Specifications,  March,  1922. 
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Fig.  23. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 


S.  A.  E.  Standard  Iron  and  Steel  Specifications,  March,  1922. 
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Fig.  24. — Effect  of  drawing  temperature  on  the  tensile  properties  of  steel. 
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Structural  grade, 
plain  bars. 

deformed  bars. 

Intermediate 
grade,  plain 
bars. 

Intermediate 
grade, deformed 
bars. 

Hard  grade,  plain 
bars. 

Hard  grade,  de- 
formed bars. 

Material  and  com- 
position. 

Steel — Continued. 

Structural,  for 
ships  28— 

P,  max.  0.06 
(acid).  0.04 
(basic);  S, 
max.  0.06. 

ood 

’ ^ <3  d - 

! |o||“ 

1 S • - ”3 
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; £ 
Ui  tfl 

Concrete  rein- 
forcement 
bars  32— 

P,  max.  0.10 
(Bessemer); 
0.05  (open 
hearth). 

23  Shall  bend  cold  through  1800  without  cracking  on  the  outside  of  the  bent  portion  around  a pin,  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen  for  material 

in.  (19. r mm)  or  under;  xVi  times  the  thickness  of  the  specimen  for  material  in.  (19.1-31.8  mm),  inclusive;  twice  the  thickness  of  the  specimen  for  material  over  1 in- 

(31.8  mm). 

24  Elongation  in  8 in.  (203.2  mm)  1,500, 000 -^-tensile  strength  in  lb./in.2  or  1,055-4- tensile  strength  in  kg/mm2.  A deduction  of  0.35  per  cent  shall  be  made  for  every  A in.  (0.79  mm) 
above  % in.  (19. 1 mm)  to  a minimum  of  18  per  cent. 
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Thermal  properties. 

Casting  shrink- 
age. 
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in./ft. 
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mm/m 

Linear 
coeffi- 
cient of 
expan- 
sion 
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(perl°C.). 

Melting 

point. 

14 
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Hardness  num- 
ber. 

Sclero- 

scope. 

€0 

Brinell. 

Tensile  properties. 

Reduc- 
tion of 
area. 

Per  ct. 
39.0 

39.0 

37.0 

36.0 

Elonga- 
tion in 
50.8  mm 
or  2 
inches. 

10 

Per  ct. 

I 20.5 

20.5 

19.5 

19.0 

English  lb. /in.2 

Tensile 

strength. 

e> 

90. 000 

85.000 

85,000 

82,500 
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Yield 

point. 

00 

Pro- 

por- 

tional 

limit. 
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55.000 

50.000 

50. 000 
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Metric  kg/mm2 

Tensile 

strength. 

«D 

63.3 

59.7 

59.7 

58.0 

Yield 

point. 

kO 

Pro- 

por- 

tional 

limit. 

38.6 

35.1 

35.1 

33.7 

Spe- 

cific 

grav- 

ity. 

SC 

Condition. 

CN1 

Quenched  and 
tempered  forg- 
ings up  to  4 in. 
(101.6  mm)  out- 
side diameter 
or  thickness;  2 
in  (50.8  mm) 
max.  wall. 

Quenched  and 
tempered  forg- 
ings 4-7  in. 
(101.6-177.7 
mm)  outside 
diameter  or 
thickness;  34 
in.  (88.8  mm) 
max.  wall. 

Quenched  and 
tempered  forg- 
ings 7-10  in, 
(177.7-254  mm) 
outside  diame- 
ter or  thick- 
ness; 5 in  (127 
mm)  max.  wall. 

Quenched  and 
tempered  forg- 
ings 10-20  in. 
(254-508  mm) 
outside  diame- 
ter or  thick- 
ness;  8 in. 
(203.2  mm)  max. 
wall. 

Material  and  com- 
position. 

- 

Steel: « 

Mn,  0.40-0.70; 
P,  max.  0.05; 
S,  max.  0.05; 
C«. 

40  Shall  bend  cold  through  i8o°  without  cracking  on  the  outside  of  the  bent  portion.  Around  a pin  i in.  (25.4  mm)  in  diameter  for  material  up  to  7 in.  thick  (177.7  mm);  around 

pin  in.  (38.1  mm)  in  diameter  for  material  7 to  20  in.  thick  (177.7  to  508  mm).  , . 

41  Carbon  content:  0.25-0.60  for  material  up  to  4 in.  thick  (101.6  mm);  0.35-0.60  for  material  4 to  7 in.  thick  (101.6-177.7  mm);  0.35-0.65  for  material  7 to  10  in.  thick  (i77-7~254  mm^ ; 
0.35-0.70  for  material  10  to  20  in.  thick  (254-508  mm). 
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Fig.  2 6. — Effect  of  carbon  content  on  the  strength  of  Bessemer  steel. 

Landolt  Borns  tern  FhysLkalisch-Chetnische  Tabelien;  1912. 


Fig.  27. — Effect  of  carbon  content  on  the  mechanical  properties  of  hot  rolled  and  annealed 

steel. 

Johnson,  Materials  of  Construction;  1918. 


200  2so  300  B.h.n. 

40  so  ehng  and  red  pc. 


TABLE  1. — Tensile  and  Thermal  Properties  of  Metals — Continued. 


94 


Circular  of  the  Bureau  of  Standards. 


N CM 


n . 

c n q> 


s«l i 

C a)  P Q..S  rH 
•3  o <D  M (Q  V V4 


li 


S W 

I* 

i 

« 


li 


3 ° (S 

•gg£ 

«5!" 


A a 8 a 

b®—  dN« 
a a « w,j3 
c S°o  5 u 
& 


S8 

h~ 


£.9 

* S. 


vo  J3  to  J2  i 


£ g a'5 
A<  ©-.2.9 


o.o. 

09  (fl 

a c 


© 

s © 

H£ 


i-ii 


sl°i 


ssg'i 


xn  ^ in  ^ 


1 I 


r|SSi 

CO  o S) 


© w 

B5  » .» 
«2«« 
S’13  C«  03 

O'  OO 


II 

it 


a 

«.C 

§! 


:©[*<  2^5© 


S 8°® 


a " s 

jn3 

ifc 


~gi 

§s  . 

S „w 


-"-.S  « © O >0  O Vgo  © 9o2^  C O 

w Sd^o^d^S  ^ 2 o o d 

Co  ® # <*  <— 5 . pQ  ® ^ o m 

““•III  a.|  I a.l  S a.sJgi  a.a  8 1 i 

1?  C rr\  .^P  rt\  v25*0  ,Q  fL.  rs  m 


S58iz;«a  .w^  .w 
ft  ft 


„ft  .fts  J 

O O 


i-s®. 

o go 

O ” 
'dCO 


Physical  Properties  of  Materials. 


95 


Sulphur. 

Not  to 

exceed — • 

Per  cent. 

0.025 

.025 

.04 

.04 
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.04 

.04 

Phos- 

phorus. 

Not  to 
exceed— 

Per  cent. 

0.025 

.025 

.04 

.04 

.04 

.04 

.04 

.04 

l 

Desired. 

Per  cent. 
0.35 
.35 
.65 
.65 

.65 

:S 

Limits. 

Per  cent. 

0. 50-0. 25 
.50-  .25 
.80-  .50 
.80-  .50 

.80-  .50 
.80-  .50 
.80-  .50 

Not  to  ex- 
ceed .60 

Carbon. 

! 

Per  cent. 
0.95 
.80 
.60 
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.40 

.30 

.20 
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Limits. 

Per  cent. 

1. 05-0. 90 
.90-  .75 
.65-  .55 
.55-  .45 

.45-  .35 
.35-  .25 
.25-  .15 
.15-  .05 
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45.7 

Pro- 

por- 

tional 

limit. 

« 

42.2 

Spe- 

cific 

0 >> 

1”* 

05 

Condition. 
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i ft 

Quenched  in  oil 
at  1,550°  F. 
(843°  C.)  and 
drawn  at  965° 
F.  (518°  C.). 



Untreated  forg- 
ings (not  over  8 
in.  (203.2  mm). 

Annealed  forg- 
ings (not  over  8 
in.  (203.2  mm). 

Quenched  splice 
bars. 

Material  and  com- 

f 

I 

* 

- 

Steel — Continued. 
(S.  A.  E.  specif. 
1235)60— 

C,  as  required 
by  physical 
properties; 
P,  max.  0.05; 
S,  max.  0.05. 
Medium  car- 
bon si — 

C,  0.35;  Mn, 

O. 65;  S,  0.04; 

P,  0.032. 

Steel:  6J 

Mn,  0.40- 
0.80;  P,  max. 
0.05;  S,  max. 

O. 05. 

Mn,  0.40-0.70; 

P, max.  0.05; 
S,  max.  0.05. 

High  carbon 

C.  min.  0.45: 

• ® 10  3 2 
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i | a 
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TABLE  11.— Tensile  Strength  of  Commercial  Steel  Music  Wire  (Hard-Drawn). 

[This  table  represents  average  values.  In  sizes  finer  than  shown  the  values  may  range  from  210.9  to  281.2  kg/mm2  (300  000 

to  400,000  lb./in.).2] 

[Experimental  data  of  American  Steel  and  Wire  Co.,  1923.] 


Diameter. 

Tensile  strength. 

Diameter. 

Tensile  strength. 

ram 

in. 

kg /mm2 

lb./in.2 

mm 

in. 

kg/mm2 

lb./in.2 

0.  74 

0.029 

253.0 

360,000 

1.14 

0.045 

224.8 

320,000 

.84 

.033 

246.0 

350,000 

1.25 

.049 

217.9 

310, 000 

.94 

.037 

239.0 

340, 000 

1.40 

.055 

210.8 

300, 000 

1.04 

.041 

232.0 

330, 000 

1.60 

.063 

203.9 

290, 000 

TABLE  12. — Properties  of  High-Tensile  Steel  Wire. 

[British  Engineering  Standards  Association  specifications,  March,  1919.] 


Diameter. 

Minimum  breaking 
load. 

Number 
of  bends 
through 
180°. 

Diameter. 

Minimum  breaking 
load. 

Number 
of  bends 
through 
180°. 

mm 

4.06 

in. 

0. 160 

kg 

1,634 

lb. 

3,603 

3 

mm 

1.42 

in. 

0. 056 

kg 

250 

lb. 

552 

15 

3.66 

.144 

1,324 

2,919 

3 

1.22 

.048 

184 

405 

18 

3.25 

.128 

1,111 

2,450 

1.02 

.040 

128 

282 

21 

2.95 

.116 

967 

2, 131 

4 

.91 

.036 

104 

229 

22 

2.64 

.104 

777 

1,713 

5 

.81 

.032 

81.2 

179 

24 

2.34 

.092 

607 

1,339 

6 

.71 

.028 

62 

137 

26 

2.03 

.080 

485 

1,070 

8 

.61 

.024 

46.3 

102 

28 

1.83 

.072 

393 

866 

10 

.56 

.022 

38.1 

84 

30 

1.63 

.064 

327 

721 

12 

Note.— A torsion  test  shall  be  made  on  a sample  cut  from  each  length  of  wire.  It  shall  stand  before  breaking  the  number 
of  turns  given  by  the  formula: 

Number  of  tums=  20  turns  per  length  of  100  d , where  d is  the  diameter  of  the  wire. 

Bending  test  shall  be  made  on  a sample  cut  from  each  length  of  wire.  The  sample  shall  be  bent  through  90°,  first  in  one 
direction  then  in  the  other  (180°  reversal  over  a radius  of  5 mm,  0.197  in.). 


TABLE  13. — Tensile  Requirements  of  Steel  Wire  Rope. 
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TABLE  14. — Tensile  Strength  of  Steel  Wire  Rope.1 


[Experimental  results  of  the  Bureau  of  Standards.] 


Description  and  analysis. 

Diameter. 

Tensile  strength. 

Tensile  strength 
(net  area). 

Plow  steel,  6 strands,  19  wires:  C,  0.90;  S,  0.034;  P,  0.024; 

mm 

in. 

kg 

lb. 

kg/mm2 

Ib./in  * 

Mn.  0.48;  Si,  0.172 

Plow  steel,  6 strands,  25  wires:  C,  0.77;  S,  0.036;  P,  0.027; 

50.8 

2 

137, 900 

304, 000 

129.5 

184, 200 

Mn,  0.46;  Si,  0.152 

69.9 

2\ 

314, 800 

694,000 

151. 2 

214,900 

Plow  steel,  6 strands,  37  wires  plus  6 strands,  19  wires:  C,  0.58; 

S,  0.032;  P,  0.033;  Mn,  0.41;  Si,  0.160 

82.6 

3i 

392, 800 

866, 000 

132.2 

187,900 

Monitor  plow  steel,  6 strands,  61  wires,  pius  6 strands,  19  wires: 

C,  0.82;  S,  0.025;  P,  0.019;  Mn,  0.23;  Si,  0.169 

82.6 

3£ 

425, 000 

937, 000 

142.5 

202, 400 

1  For  additional  data  on  strength  and  other  properties  of  wire  rope,  see  B.  S.  Tech.  Paper  No.  121,  by  Griffith 
and  Bragg,  giving  results  of  275  tensile  tests  of  wire-rope  specimens  ranging  in  diameter  from  i in.  (6.35  mm)  to  35  in. 
(82.5  mm)  and  comprising  five  of  the  more  common  classes  used  in  engineering  practice. 


Note. — Recommended  allowable  working  load  for  a wire  rope  running  over  a sheave  is  equal  to  one-fifth  of  specified 
minimum  strength. 

XI.  ALLOY  STEELS.1 

1.  CARBON  STEEL. 

Contains  maximum  C,  1.50  per  cent;  Mn,  1.00  per  cent;  Si,  0.35  per 
cent;  P,  0.05  per  cent;  and  S,  0.05  per  cent. 

2.  MANGANESE  STEEL. 

Contains  usually  from  10  to  13  per  cent  of  Mn  and  1.0  per  cent  C. 
Practically  nonmagnetic.  Has  a peculiar  hardness,  to  which  it  owes  its 
remarkable  resistance  to  abrasion;  extremely  difficult  to  machine;  has  high 
strength  and  toughness,2  but  relatively  low  elastic  limit;  has  a peculiar 
property  of  being  toughened  and  softened  by  quenching  in  water,  resembling 
copper  in  this  respect.  Principal  applications — in  castings  for  crushing  and 
grinding  machinery  and  for  railroad  crossings. 

3.  SILICON  STEEL. 

There  are  two  types  of  silicon  steel,  one  of  which  has  found  application 
in  mechanical  engineering.  This  steel,  frequently  called  silieo-manganese 
steel,  has  usually  the  following  composition:  C,  0.45-0.65;  Si,  1.50-2.00; 
and  Mn,  0.50-0.80.  It  is  very  brittle  in  the  direction  at  right  angle  to 
rolling.3  Application — used  for  automobile  springs  and  gears.  The  other 
type  of  silicon  steel  contains  3-5  per  cent  silicon;  it  is  low  in  carbon  and 
manganese;  used  for  electrical  transformer  sheets  on  account  of  high 
permeability  to  magnetism;  structurally  weak  and  has  no  constructional 
value. 

1 (Definition,  properties,  and  uses  of  alloy  steels,  as  described  below,  are  after  G.  Norris,  Chem.  and  Met.  Eng.,  IS, 
P-  7391  1915- 

2 In  cast  or  rolled  form  the  steel  is  glassy  brittle,  but  by  reheating  to  a temperature  between  1,000  and  i,ioo°  C.  (1,832 
to  2,012°  F.)  and  quenching  in  water  the  ductility  and  toughness  are  wonderfully  improved.  (Johnson’s  Materials  of 
Construction,  p.  678;  1918.) 

3 According  to  Bullens,  silicon  manganese  steels  are  quite  difficult  to  heat  treat  successfully. 
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4.  NICKEL  STEEL. 

Of  all  nickel  steels  by  far  the  most  important  is  low  and  medium  carbon 
steel  with  3-4  per  cent  Ni  (called  usually  3^2  per  cent  nickel  steel).  The 
presence  of  manganese  in  that  steel  is  very  essential,  and  should  range  from 
0.50  to  0.80  per  cent.  It  is  a good,  all-round  engineering  steel,  with  con- 
siderably higher  elastic  limit  and  tensile  strength  than  corresponding  carbon 
steel  and  with  the  same  degree  of  ductility.4  Low  carbon  (0.10-0.20) 
nickel  steel  is  used  extensively  for  case  hardening  parts.  Nickel  steel  with 
carbon  0.20-0.35  is  much  used  for  bridge  construction.  Nickel  steel  rolls 
and  forges  readily  and  machines  easily.  Drop  forging  of  nickel  steels  is 
falling  off  in  favor  of  other  alloy  steels. 

5.  CHROMIUM  STEEL. 

Contains  about  1 per  cent  carbon  and  1 per  cent  chromium;  has  high 
mineralogical  hardness.  This  steel  is  not  in  general  use  but  is  confined  to 
a few  specialties,  as  ball  and  ball  races,  burglar-proof  safes,  and  bars  in 
jails.  Low  and  medium  carbon  types  are  not  used  to  any  great  extent, 
other  alloy  steels  being  superior.  It  is  liable  to  crack  and  check  in  heat 
treatment. 

6.  NICKEL-CHROMIUM  STEEL. 

Addition  of  chromium  to  nickel  steel  increases  greatly  the  strength  and 
resistance  to  shock  and  mineralogical  hardness.  It  is  more  difficult  to 
forge  and  heat  treat  and  harder  to  machine  than  nickel  steel ; is  liable  to  seam- 
iness. Steel  containing  0.25-0.40  C,  1.50  Cr,  and  3.5  Ni5  is  used  for  armor 
plates  and  projectiles.  Steel  with  0.10-0.45  C,  1.0  Cr,  and  2.0  Ni  is  largely 
used  for  automobile  forgings.  This  steel  has  high  tensile  strength,  great 
hardness,  and  good  shock  and  fatigue  resistance.  Steel  with  o.  10-0.45  C,  0.50 
Cr,  and  1 .50  Ni  is  used  for  automobile  forgings  and  is  excellent  case  hardening 
steel.  It  is  somewhat  lower  in  tensile  strength  than  the  other  two  types.0 

7.  VANADIUM  STEEL. 

Addition  of  vanadium  (generally  under  0.25  per  cent)  to  carbon  steel 
increases  considerably  (about  30  per  cent)  the  elastic  limit  and  tensile 
strength  without  affecting  materially  the  ductility.  To  an  even  greater 
extent  it  increases  the  resistance  to  shock  and  fatigue.  Vanadium  steel 
generally  used  is  a chrome-vanadium  steel  of  the  following  composition: 
C,  0.10-0.55;  Mn,  0.50-0.80;  Cr,  0.80-1.00;  V,  over  0.15  per  cent. 
0.10-0.20  C steel  is  used  mainly  for  case  hardening  and  is  the  best  for  this 

4 Nickel  steels  have  higher  resistance  to  impact  than  carbon  steels.  (W.  Hatt,  Trans.  Am.  Soc.  Civ.  Eng.,  63,  p.  307.) 

5 Bullens  says  that  the  most  effective  ratio  of  Ni  to  Cr  is  2 lA  to  1. 

8 Comparing  with  chromium  steels  of  equal  strength,  nickel  chromium  steels  are  tougher,  more  ductile,  and  less  liable 
to  injury  through  overheating.  (Johnson’s  Materials  of  Construction,  p.  684;  1918.) 
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purpose;  0.25-0.35  C steel  is  used  for  automobile  forgings  of  all  kinds; 
0.35-0.45  C steel  is  used  for  crank  shafts,  locomotive  axles,  crank  pins, 
connecting  rods,  piston  rods,  automobile  transmissions,  and  rear  axle 
shafts;  0.45-0.55  C steel  is  extensively  used  for  locomotive  and  automobile 
Springs  and  gives  remarkable  resilience  and  endurance. 

Vanadium  steels  have  a wider  heat  treatment  range  than  other  steels. 
Cr-V  steel  forges  and  machines  better  than  Ni-Cr  steel;  it  is  not  as 
liable  to  injury  in  forging  or  heat  treatment  and  is  free  from  seaminess. 
Vanadium  steel  is  as  easily  worked  as  carbon  steel.  While  Ni  and  Cr 
interfere  seriously  with  the  welding  quality  of  steel,  vanadium  improves  this 
quality. 

8.  TUNGSTEN  STEEL. 

Principally  used  for  tools,  magnets,  magnetos,  and  hack  saws.  Tungsten 
Steels  are  seldom  used  in  engineering  construction. 

9.  COMPLEX  ALLOY  STEELS. 

The  only  steel  of  importance  in  this  class  is  high-speed  steel  which 
contains  W,  Cr,  V,  and  Co. 


TABLE  1. — Tensile  and  Thermal  Properties  of  M< 
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nenching  medium,  water,  K in.  (19.1  mm)  round  bar. 

in.  (22. b mm)  rounds,  quenched  in  oil  from  i,6oo°  F.  (871®  C.). 


TABLE  15. — Effect  of  Heat  Treatment  on  Properties  of  High  Chromium  Steels. 

[L.  Aitchison,  Engineering,  December  2 and  9, 1921.] 
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TABLE  1.— Tensile  and  Thermal  Properties  of  Metals— Continued. 
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Fig.  28. — Effect  of  drawing  temperature 
on  the  tensile  properties  of  stainless  steel. 

F.  Grotts,  Chem.  ann  Met.  Eng.  19;  1918. 
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Fig.  29. — Effect  of  drawing  temperature  on  the  tensile 
properties  of  chrome-vanadium  steel. 

F.  Grotts,  Chem.  and  Met.  Eng.  19;  1918. 
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Fig.  30. — Effect  of  drawing  temperature  on  the  tensile 
properties  of  chrome-nickel  steel. 

F.  Grotts,  Chem.  and  Met.  Eng.  19;  1918. 


F.  Grotts,  Chem.  and  Met.  Eng.,  19;  1918. 
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17  Especially  good  for  sheet  steel  that  has  to  be  punched;  very  tough 
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$»$ 


*»  m 6 bo  tiZ00‘°c. 

drawing  temperature 

Fig.  32. — Effect  of  drawing  temperature  on  the  tensile  prop- 
erties of  tungsten  steel. 


F.  Grotts,  Chem.  and  Met.  Eng.,  19;  1918. 
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*Mechanical  properties  are  practically  the  same  in  both 
directions. 
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rolling. 

Rolled,  plate 
0.019-0.222  in. 
(0.48-5.66  mm); 
parallel  to  di- 
rection of  roll- 
ing. 

Rolled,  plate 
0.019-0.222  in. 
(0.48-5.66  mm); 
perpendicular 
to  direction  of 
rolling. 

Cast,  coarse,  crys- 
talline.11 

Material  and  com- 
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Uranium: 6 
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Vanadium: 
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0.91  ;Fe, 0.025.8 
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TABLE  16. — Correlation  Between  the  Tensile  Strength  of  Steel,  and  its  Hardness. 
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TABLE  17. — Impact  Properties  of  Some  Metals.1 

[Bureau  of  Standards  results,  1923.] 


Material  and  composition. 


Duralumin: 

Cu,  4.0;  Si,  0.54;  Fe,0.58; 
Mn,  0.58;  Mg, 0.60;  Al, 

balance 

Brass  (hard): 

Cu,  65.23;  Zn,  34.67;  Pb, 

0.07;  Fe,  0.03 

Nickel  silver: 

Cu,  63.92;  Ni,  18.09;  Zn, 
17.58;  Mg,  0.24;  Fe, 

O. 15;  Pb,0.02 

Monel  metal: 

Ni,  67.2;  Cu,  27.5;  Fe, 
2.55;  Mn,  2.27;  C,0.27; 

Si, 0.13;  S, 0.014 

Carbon  steel  (boiler  plate): 

C,0.25;  Mn,  0.50;  Si,  0.01; 

P,  0.007;  S,  0.035 

3i  per  cent  nickel  steel: 

C,0.44;  Si,  0.24;  Mn,0.63; 
S,  0.027;  P,  0.009;  Ni, 

3.50 

Carbon  tool  steel: 

C,  1.00;  Mn,0.24;  Si, 0.20; 

S,  0.025;  P,  0.013 

Chromium -tungsten  tool  steel: 

C,0.88;  Mn,1.15;  Si, 0.26; 
S,  0.007;  P,  0.010;  Cr, 
0.50;  W,  0.40 


Energy  absorbed. 

Tensile  properties. 

Notch  parallel 

Notch  perpen- 

Elonga- 

Reduc- 

to the  plane  of 

diculartothe 

Yield  point. 

Tensile  strength. 

tion  in 

tion  of 

rolling. 

plane  of  rolling. 

2 in.  (50.8 
mm). 

area. 

kgm 

ft. -lb. 

kgm 

ft.-lb. 

kg/mm2 

Ib./in.2 

kg/mm2 

lb./in.* 

Per  ct. 

Per  ct. 

1.47 

10.60 

1.06 

7.64 

29.6 

42,200 

42.9 

61,100 

15.8 

17.6 

2.69 

19. 45 

2.65 

19.15 

29.2 

41,600 

36.9 

52,500 

39.8 

51.3 

2.32 

16.82 

2.31 

16.74 

41.3 

58,800 

45.5 

64,800 

18.5 

35.8 

. 12.89 

93. 35 

10.41 

75.30 

28.2 

40,200 

62.1 

88,400 

47.3 

62.0 

2.26 

16.33 

2. 10 

15.22 

25.1 

35,800 

44.0 

62,600 

37.5 

57.2 

3.  48 

25. 15 

3.52 

25.48 

56.2 

80,000 

85.0 

121,000 

19.8 

49.6 

0.32 

2.29 

0.29 

2. 13 

29.2 

41,600 

53.8 

76,600 

31.0 

45.5 

1.84 

13. 33 

1.82 

13. 18 

(a) 

1 The  materials  were  as  received  from  the  mill.  The  specimens  were  10  by  10  mm  with  2 mm  V-notch  and  were 
tested  in  an  Izod  machine  of  120  ft. -lb.  (16.6  kgm)  capacity.  They  were  cut  in  the  direction  of  rolling. 

2 Bhn.=  175. 


TABLE  18. — Impact  Properties  of  Carbon  Steel. 


[F.  C.  Langenberg,  Chem.  and  Met.  Eng.,  November  16,  1921.] 


kgm 


Chemical  Composition. 


Heat  Treatment. 


C 

Mn 

S 

P 

Si 

Cr 

Original. 

Vi 

Vs 

v3 

V< 

V5 

v6 

V, 

0. 14 

0.45 

0.035 

0. 018 

0.131 

6. 28 

3.88 

5. 27 

6.52 

6.63 

6.85 

6.69 

7.27 

45.39 

28.01 

38.10 

47.18 

47.95 

49.50 

48.34 

52.61 

.18 

.56 

.043 

.024 

.132 

5.74 

4. 26 

4.94 

6.39 

6.22 

6.17 

6. 49 

6.98 

41.51 

30.72 

35. 69 

46. 24 

45. 00 

44.62 

46. 87 

50. 51 

.32 

.51 

.027 

.009 

.128 

3.18 

2.11 

1.51 

2.61 

2.66 

2. 75 

3.09 

3.64 

22.96 

15. 20 

10.94 

18. 85 

19. 24 

19.86 

22.34 

26.30 

.46 

.40 

.050 

.020 

.144 

3.17 

1.11 

1.94 

1.93 

1.92 

2.17 

2.30 

10. 70 

7.99 

14. 04 

13.96 

13.89 

15.67 

16.60 

.49 

.60 

.028 

.013 

.127 

1.76 

1.43 

2.22 

2.01 

1.98 

2.42 

2.66 

12.72 

10.32 

16. 06 

14.51 

14.35 

17.53 

19. 24 

.57 

.65 

.028 

.012 

.167 

1. 16 

1.10 

1.74 

1.50 

1.55 

1.66 

1.94 

8.38 

7.91 

12. 57 

10. 86 

11.17 

12.02 

14.04 

.71 

.67 

.025 

.027 

.147 

.61 

.34 

.65 

1.05 

1.42 

2. 17 

4.42 

2.48 

4.73 

7.60 

10. 32 

15.67 

.83 

.55 

.028 

.018 

.152 

.18 

.19 

.47 

.46 

.60 

.88 

1.31 

1.39 

3.42 

3. 33 

4.34 

6. 36 

1.01 

.39 

.029 

.016 

.160 

.29 

.20 

.45 

.44 

.58 

.61 

2.09 

1.47 

3. 25 

3.18 

4.19 

4.42 

1.22 

.34 

.031 

.025 

.181 

.19 

. 18 

.34 

.29 

.36 

.36 

1.39 

1.31 

2. 48 

2.09 

2.63 

2. 63 

1.39 

.20 

.029 

.015 

.191 

. 13 

.12 

.27 

. 18 

.20 

.22 

.93 

.85 

1.86 

1.31 

1.47 

1.62 

1.46 

.20 

.035 

.011 

.133 

0. 35 

.11 

.17 

.27 

.28 

.28 

.27 

.77 

1. 24 

1.94 

2.01 

2.01 

1.94 

Heat  treatments. — Original,  as  received ; Vi,  annealed  just  above  AC3;  V2,  hardened  in  water  from  just  above  AC3; 
V3,  hardened  in  oil  from  .ust  above  AC3;  V4,  quenched  in  oil  from  just  above  Ac3  and  drawn  at  375°  C.  (707°  F.);  V5, 
quenched  in  oil  from  just  above  AC3  and  drawn  at  460°  C.  (860°  F.);  V6,  quenched  in  oil  from  just  above  AC3  and  drawn  at 
560°  C.  (1,040°  F.);  V7,  quenched  in  oil  from  just  above  AC3  and  drawn  at  650°  C.  (1,202°  F.). 
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TABLE  18. — Impact  Properties  of  Carbon  Steel — Continued. 

Quenching  Temperatures. 


Carbon 

°P 

°r 

Carbon 

°r 

°r 

Carbon 

°r 

°1? 

Carbon 

°P 

content. 

£ • 

content. 

V/« 

P • 

content. 

Vs. 

I * 

content. 

°F. 

0.14 

866 

1,591 

0.46 

819 

1,506 

0.71 

800 

1,472 

1.22 

790 

1,454 

.18 

858 

1,576 

.49 

816 

1,501 

.83 

795 

1,463 

1.39 

790 

1,454 

.32 

836 

1,537 

.57 

809 

1,488 

1.01 

790 

1,454 

1.46 

790 

1,454 

TABLE  19. — Effect  of  Low  Temperatures  on  Hardness  and  Impact  Resistance  of  Metals.1 

[L.  Guillet  and  J.  Cournot,  Revue  de  Metallurgie,  April,  1922.] 

[Hardness  tests  were  made  with  a 10  mm  ball  and  1,000  kg  (2,204  lb.)  load.  For  Ni,  Cr  steel  the  load  was  3,000  kg  (6,612  lb.) 
and  for  cobalt  500  kg  (1,102  lb.);  time,  10  sec.  The  impact  tests  were  made  in  a Guillery  rotary  machine  on  Mesnager 
type  of  specimens.] 


Metals  and  alloys  tested. 

Brinell  hardness. 

Impact  resistance 

It. -ID. 

+ 20°  C. 
(68°  F.). 

-20°  C. 
(— 4°F.). 

-80°  C. 
(-112°  F.). 

Liquid 

air. 

+20“  c. 

(68°  F.). 

-20°  C. 
(-4°F.). 

-80°  C. 
(-112°  F.). 

Liquid 

air. 

Electrolytic  iron,  annealed 

80 

77 

77 

269 

21.2 

17.5 

2.5 

1.9 

153.3 

126.5 

18.1 

13.7 

Soft  steel,  annealed,  C,  0.1 

110 

107 

114 

273 

31.9 

32.5 

22.5 

1.8 

230.7 

235.1 

162.7 

13.0 

Medium  steel,  C,  0.33,  annealed 

176 

174 

190 

286 

13.1 

11.2 

10.0 

3.7 

94.8 

81.0 

72.3 

26.8 

Hard  steel,  C,  0.79,  annealed 

230 

230 

231 

330 

14.4 

11.2 

10.0 

3.7 

104.2 

81.0 

72.3 

26.8 

Cemented  nickel  steel,  C,  0.06;  Ni,  2.30; 

130 

132 

135 

230 

31.2 

31.2 

23.1 

3.1 

annealed. 

225.8 

225.8 

167.1 

22.4 

Nickel -chromium  steel,  C,  0.11;  Ni,  5.74; 

261 

269 

282 

388 

11.8 

7.5 

3.1 

1.9 

Cr,  1.74;  annealed. 

85.3 

54.2 

22.4 

13.7 

Nickel-chromium  steel,  C,  0.25;  Ni,  4.25; 

460 

466 

444 

578 

11.2 

10.0 

11.2 

10.0 

Cr,  1.20;  quenched  in  air. 

81.0 

72.3 

81.0 

72.3 

Ferronickel  (Ni,  36.8  p.  c.),  annealed 

157 

171 

239 

2 41.2 

2 36.2 

17. 5 

298.0 

262.0 

126.5 

Ferrnnir.kel  (Ni,  47.0  p.  r..),  annealed 

184 

192 

238 

32.5 

29.4 

29.4 

235.1 

212.6 

212.6 

Ferrnnirkel  (Ni,  57.4  p.  c.'l,  annealed 

197 

212 

240 

26.  2 

2 35.0 

31.8 

189.  5 

253.2 

230.0 

Ferronickel  (Ni,  98.8  p.  c.),  annealed 

98 

103 

120 

2 47.5 

2 46.  2 

2 40.6 

343.5 

334.2 

293.6 

Cobalt  

174 

222 

Copper  (pure),  Cu,  99.9 

51 

52 

53 

66 

2 20.6 

2 18.7 

2 20.6 

2 20.1 

149.0 

135.3 

149.0 

145.4 

Brass,  Cu,  52.0;  Zn,  42.5;  Ni,  4.0;  Pb,  1.3.... 

118 

114 

118 

148 

8.1 

7.5 

8.8 

6.9 

58.6 

54.2 

63.6 

49.9 

Brass,  Cu,  60.4;  Zn,  39.3;  Pb,  0.2 

76 

76 

76 

! 98 

16.2 

16.2 

17.5 

16.8 

117.2 

117.2 

126.5 

121.5 

Aluminum,  commercial,  Si,  0.25;  Fe,  0.06 

24 

25 

24 

53 

11.2 

10.6 

11.2 

13.1 

81.0 

76.7 

81.0 

94.8 

Duralumin,  Cu,  3.6;  Mn,  0.5;  Si,  0.6;  Fe,  0.6; 

101 

96 

iOl 

129 

5.0 

5.6 

5.0 

5.6 

Mg,  0.5. 

36.1 

40.5 

36.1 

40.5 

Aluminum-zinc  (Zn,  15  p.  c.) 

55 

47 

48 

76 

11.2 

11.2 

10.0 

9.3 

81.0 

81.0 

72.3 

67.3 

Aluminum -zinc  (Zn,  30  p.  c.) 

129 

137 

121 

192 

2.5 

2.5 

1.9 

1.8 

18.1 

18.1 

13.7 

13.0 

Aluminum-zinc-lead  (Zn,  15.0;  Pb,  1.5) 

55 

51 

49 

83 

10.0 

10.0 

10.0 

8.1 

72.3 

72.3 

72.3 

58.6 

1 For  tensile  strength  and^ductility  at  low  temperatures  of  various  metals  and  ferrous  alloys  see  J.  Dewar  and  R.  Had- 
field,  Proc.  Roy.  Soc.  of  London,  74,  p.  326;  1904-5.  See  also  “Hardness  of  steels  at  low  temperatures,”  by  M. Robin, 
Revue  de  Metallurgie,  p.  162;  1909. 

2 Specimen  not  broken. 
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TABLE  20. — Effect  of  Temperature  on  the  Impact  Resistance  of  Annealed  Steels.  (See  fig.  60.) 


[Proc.  Interna.  Assoc,  for  Testing  Materials,  5th  Congress,  Vol.  3,  4.] 


Chemical  composition  of  tested  steels. 


Steel. 

C 

Si 

Mn 

S 

P 

Annealing  treat  - 
ment in  air  at 
temperature — 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

°C. 

°F. 

Extra  soft 

0. 218 

1.26 

0. 24 

0.041 

0.013 

850 

1,562 

.345 

.20 

.51 

.048 

.068 

800 

1,472 

Half  hard 

.491 

.44 

.34 

.044 

.062 

800 

1,472 

Martin  (hard) 

.725 

.40 

.33 

.025 

.013 

750 

1,382 

1.224 

.05 

.04 

.040 

.023 

700 

1,292 

2 per  cent  Ni 

.085 

.01 

.15 

.017 

Ni=2. 29 

890 

1,562 

7 per  cent  Ni  

.165 

.18 

.20 

Ni=7. 10 

600 

1,112 

Nickel  chrome 

.105 

.11 

.34 

Ni=4. 38 

Cr=0. 85 

750 

1,382 

TABLE  21. — Fatigue  Properties  of  Manganese  and  Aluminum  Bronze.  (See  fig.  14.) 


[W.  Corse  and  G.  Comstock,  Proc.  A.  S.  T.  M.,  vol.  16  (2),  p.  117;  1916.] 
Chemical  Composition  and  Tensile  Properties  of  Tested  Samples. 


Material. 

Chemical  composition. 

Proportional  limit. 

Tensile  strength. 

Elonga- 
tion in 
50.8  mm 
or  2 in. 

Redac- 
tion of 
area. 

Manganese  bronze 
(cast). 

Aluminum  bronze  (cast) 
Aluminum  bronze 
(quenched  at  850°  C. 
or  1,562°  F.;  tempered 
at  630°  C.  or  1,116°  F.). 

Zn,41.0;  Fe,1.0;  Sn,1.0;  Mn, 
0.5;  Al,0.5;  Cu.  balance. 

Al,10.0;  Fe,1.0;  Cu,  balance 

Al,10.0;  Fe,1.0;  Cu,  balance 

kg/mm2 

20.5 

14.3 

30.4 

lb./in.2 

29,200 

20,400 

43,300 

kg/mm2 

61.4 

54.0 

62.2 

lb./in.2 

87,400 

76,900 

88,500 

Per  cent. 

25.0 

30.5 

13.0 

Per  cent. 

25.2 

27.6 

14.2 

XIL  FATIGUE  PROPERTIES  OF  STEEL. 

SUMMARY. 

A.  [D.  J.  Me  Adam,  jr.,  Chem.  and  Met.  Eng.,  December  14, 1921.] 

[See  figures  33  to  35.] 

1.  The  endurance  stress  for  100,000,000  cycles  bears  no  definite  rela- 
tion to  the  corresponding  proportional  limit.  The  ratio  is  higher  in 
annealed  material  than  in  quenched  and  tempered  material.  In  ingot 
iron  and  annealed  mild  steels  of  lower  carbon  content  the  endurance 
stress  for  100,000,000  cycles  is  above  the  proportional  limit.  In  quenched 
and  tempered  steel  it  is  often  less  than  half  the  proportional  limit. 

2.  The  endurance  stresses  for  100,000,000  cycles  have  been  found  to 
bear  a surprisingly  uniform  relation  to  the  corresponding  ultimate  tensile 
stresses.  In  many  kinds  of  material  investigated  this  ratio  varies  from 
about  0.35  to  0.54,  the  highest  value  being  found  in  ingot  iron. 
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D.  J.  MoAdam,  Chem.  and  Met.  Eng.,  Dec.  14,  1921.  For  the  chemical  composition  and  heat  treatment 
see  Table  22.  Tests  were  made  in  a White-Souther  machine  on  tapered  specimens. 


Fig.  34. — Fatigue  properties  of  carbon  and  alloy  steels  compared  with  other  properties. 

D.  J.  McAdam,  Chem.  and  Met.  Eng.,  Dec.  14,  1921.  For  the  chemical  composition  and  heat  treatment 

of  steels  see  Table  22. 
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3.  The  ratio  of  endurance  stress  to  Brinell  hardness  number,  and  the 
ratio  of  endurance  stress  to  maximum  torsional  stress  are  nearly  as  uniform 
as  the  ratio  of  endurance  stress  to  ultimate  tensile  stress. 


Fig.  35. — Fatigue  properties  of  carbon  and  alloy  steels  compared 'with  other  properties. 

D.  J.  McAdam,  Chem.  and  Met.  Eng.,  Dec.  14, 1921.  For  the  chemical  composition  and  heat  treat- 
ment of  steels  see  Table  22. 

4.  Until  further  evidence  accumulates  it  may  be  stated  that  chemical 
composition  has  little  effect  on  endurance  properties  other  than  its  effect 
on  tensile  strength. 

5.  A comparison  of  impact  test  results  with  the  results  of  endurance 
tests  so  far  has  shown  no  definite  relationship. 
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TABLE  22. — Fatigue  Properties  of  Carbon  and  Alloy  Steels.  (See  figs.  33-35.) 


ID.  J.  McAdam,  Chemical  and  Metallurgical  Engineering,  December  14,  1921.] 
Chemical  Composition  and  Heat  Treatment  of  Tested  Steels. 


Chemical  composition. 


Mate- 


rial. 

C 

Mn 

P 

S 

Si 

A, 

0. 13 

0. 56 

0.008 

0.047 

0.17 

A2 

.14 

.53 

.008 

.056 

.17 

B 

.21 

.82 

.060 

.080 

.08 

C, 

.29 

.52 

.010 

.051 

.17 

Cs 

.31 

.47 

.013 

.030 

.16 

D, 

.48 

.60 

.010 

.038 

.19 

Th 

.49 

.63 

.011 

.036 

.18 

E 

.77 

.55 

.037 

.047 

.18 

F 

.29 

.66 

.005 

.046 

.14 

G 

.21 

.59 

.017 

.017 

.79 

H....... 

.41 

.45 

.037 

.020 

.20 

h2 

.42 

.47- 

.038 

.020 

.25 

Ii 

.40 

.52 

.033 

.024 

.26 

I2 

.42 

.53 

.032 

.023 

.25 

Ji 

.24 

.30 

.046 

.044 

.29 

h 

.53 

.50 

.005 

.038 

.22 

K, 

.43 

.63 

.012 

.038 

.22 

k2 

.41 

.64 

.009 

.033 

.20 

Li 

.33 

.47 

.007 

.052 

.18 

u 

.33 

.46 

.006 

.051 

.19 

Mj 

.55 

.65 

.024 

.037 

1.97 

M2 

.51 

.66 

.029 

.045 

1.96 

N 

.023 

.037 

.002 

.031 

.005 

Ni 

Cr 

V 

Mo 

As,  0. 010 

0.206 

0.017 

3.70 

.13 

1.72 

1.68 

13.31 

.13 

.12 

.10 

.09 

.95 

1.04 

1. 16 

1.46 

1. 10 

1. 10 

.96 

.95 

1. 73 

0.23 

.23 

.47 

1.45 

3. 18 

3. 16 

Heat  treatment. 


Annealed  at  732°  C.  (1,350°  F.). 

As  rolled. 

Do. 

Annealed  at  649°  C.  (1,200°  F.). 

Quenched  in  oil  at  830°  C.  (1,525°  F.)  and 
annealed  at  649°  C.  (1,200°  F.). 

Annealed  at  732°  C.  (1,350°  F.). 

Quenched  in  oil  at  871°  C.  (1,600°  F.)  and 
annealed  at  621°  C.  (1,150°  F.). 

Annealed  at  732°  C.  (1,350°  F.). 

To  approximate  proportional  limit  of  60,000 
ib./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  110,000 
lb./in.2  (77.4  kg/mm2). 

To  approximate  proportional  limit  of  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  110,000 
lb./in.2  (77.4  kg/mm2). 

To  approximate  proportional  limit  of  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  110,000 
lb./in.2  (77.4  kg/mm2). 

To  approximate  proportional  limit  of  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  110,000 
lb./in.2  (77.4  kg/mm2). 

To  approximate  proportonal  limit  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  110,000 
lb./in.2  (77.4  kg/mm2). 

To  approximate  proportional  limit  of  60,000 
lb./in.2  (42.2  kg/mm2). 

To  approximate  proportional  limit  of  110,000 
lb./in.2  (77.4  kg/mm2). 

As  rolled. 


B.  [H.  F.  Moore,  111.  U.  Eng.  Exp.  Sta.  Bui.  Wo.  124,  p.  132;  1921.] 

(See  figs.  36  and  37.) 

The  following  conclusions  were  drawn  from  the  results  obtained  in  the 
investigation : 

1.  For  the  metals  tested  under  reversed  stress  there  was  observed  a 
well-defined  critical  stress  at  which  the  relation  between  stress  and  the 
number  of  reversals  necessary  to  cause  failure  changed  markedly.  Below 
this  critical  stress  the  metals  withstood  100,000,000  reversals  of  stress  and, 
so  far  as  can  be  predicted  from  test  results,  would  have  withstood  an  indefi- 
nite number  of  such  reversals.  The  name  endurance  limit  has  been  given  to 
this  critical  stress. 

2.  In  the  reconnaissance  tests  made  in  the  field  of  ferrous  metals  no 
simple  relation  was  found  between  the  endurance  limit  and  the  “elastic 
limit,”  however  determined.  The  ultimate  tensile  strength  seemed  to  be 
a better  index  of  the  endurance  limit  under  reversed  stress  than  was  the 
elastic  limit.  The  Brinell  hardness  test  seemed  to  furnish  a still  better 
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index  of  the  endurance  limit.  The  reason  why  the  Brinell  test  and,  to  a 
less  degree,  the  ultimate  tensile  strength  seem  to  be  better  indices  of  the 
endurance  limit  than  the  elastic  limit  is  not  clear,  and  this  result  should  be 
regarded  as  tentative.  Elastic  limits  determined  from  compression  tests 
and  torsion  tests  gave  no  better  index  than  did  those  from  tension  tests. 

3.  The  single-blow  impact  tests  (Charpy  tests)  and  the  repeated-impact 
tests  did  not  furnish  a reliable  index  for  the  endurance  limit  under  reversed 
stress  of  the  ferrous  metals  tested. 

4.  Accelerated  or  short-time  tests  of  metals  under  repeated  stress, 
using  high  stresses  and  consequent  small  numbers  of  repetitions  to  cause 


Fig.  36. — Correlation  between  the  endurance  limit  and  other  properties  of  steels. 
H.  F.  Moore,  HI.  U.  Eng.  Exp.  Sta.  Bui.,  No.  124,  1921.  Tests  were  made  in  a Fanner  machine. 


failure,  are  not  reliable  as  indices  of  the  ability  of  metal  to  withstand  millions 
of  repetitions  of  low  stress. 

5.  The  endurance  limit  for  the  ferrous  metals  tested  could  be  predicted 
with  a good  degree  of  accuracy  by  the  measurement  of  rise  of  temperature 
under  reversed  stress  applied  for  a few  minutes.  This  relation  is  explicable 
in  view  of  the  intercrystalline  and  intracrystalline  slippage  under  repeated 
stress  shown  by  the  microscope.  It  is  believed  that  this  test,  which  is  a 
development  of  a test  proposed  by  C.  E.  Stromeyer,  can  be  developed  into 
a reliable  commercial  test  of  ferrous  metals  under  repeated  stress.  Its 
applicability  to  nonferrous  metals  has  not  been  investigated. 
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6.  Abrupt  changes  of  outline  of  specimens  subjected  to  repeated  stress 
greatly  lowered  their  resistance.  Cracks,  nicks,  and  grooves  caused  in 
machine  parts  by  wear,  by  accidental  blows,  by  accidental  heavy  overload, 
or  by  improper  heat  treatment  may  cause  such  abrupt  change  of  outline. 
Shoulders  with  short-radius  fillets  are  a marked  source  of  weakness. 

7.  Poor  surface  finish  on  specimens  subjected  to  reversed  stress  was 
found  to  be  a source  of  weakness.  This  weakness  may  be  explained  by 


Fig.  37. — Correlation  between  the  endurance  limit  and  the  tensile  properties  of  steels. 
H.  F.  Moore,  111.  U.  Eng.  Exp.  Sta.  Bui.,  No.  124,  1921.  Testswere  made  in  a Farmer  machine. 


the  formation  of  cracks  due  to  localized  stress  at  the  bottom  of  scratches  or 
tool  marks. 

8.  Stress  above  the  endurance  limits,  due  to  either  a heavy  overload 
applied  a few  times  or  a light  overload  applied  some  thousands  of  times, 
was  found  to  reduce  somewhat  the  endurance  limit  of  two  ferrous  metals 
tested. 

9.  In  none  of  the  ferrous  metals  tested  did  the  endurance  limit  under 
completely  reversed  stress  fall  below  36  per  cent  of  the  tensile  strength; 
for  only  one  metal  did  it  fall  below  40  per  cent,  while  for  several  metals 
it  was  more  than  50  per  cent.  However,  these  metals  were  to  a high  degree 
free  from  inclusions  or  other  internal  defects;  the  specimens  had  no  abrupt 
changes  of  outline  and  had  a good  surface  finish. 
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10.  It  is  well  known  that  subjecting  steel  to  a stress  beyond  the  yield 
point  raises  the  static  elastic  tensile  strength  to  a marked  degree.  The 
effect  is  less  marked  on  the  endurance  limit,  although  some  increase  was 
observed  for  0.18  carbon  steel  with  the  surface  polished  after  being  stretched 
well  beyond  the  yield  point.  Annealing  of  commercial  cold-drawn  screw 
stock  was  found  to  lower  its  endurance  limit  somewhat  less  than  it  did  its 
static  elastic  strength. 

11.  The  test  results  herein  reported  indicate  the  effectiveness  of  proper 
heat  treatment  in  raising  the  endurance  limit  of  the  ferrous  metals  tested. 
Here,  again,  it  should  be  noted  that  an  increase  in  static  elastic  strength 
due  to  heat  treatment  is  not  a reliable  index  of  increase  of  endurance  limit 
under  reversed  stress. 

12.  The  phenomenon  known  as  “fatigue”  of  metals  under  repeated 
stress  might  better  be  called  the  “ progressive  failure  ” of  metals.  The  most 
probable  explanation  seems  to  be  that  such  failure  is  a progressive  spread 
of  microscopic  fractures.  A nucleus  for  damage  may  be  a very  small 
area  of  high,  localized  stress  due  to  a groove,  a scratch,  or  a crack;  in 
other  cases  failure  may  be  due  to  internal  inclusions  or  irregularities  of 
structure;  it  may  be  due  to  internal  stress  remaining  after  heat  treat- 
ment; it  may  be  due  to  a grain  or  group  of  grains  unfavorably  placed  to 
resist  stress;  or  failure  may  begin  in  the  weaker  grains  of  a metal  whose 
structure  consists  of  two  or  more  kinds  of  grains;  or  it  may,  of  course, 
begin  in  any  portion  of  the  metal  which  by  accidental  overload  or  otherwise 
is  stressed  to  the  yield  point. 

TABLE  23. — Effect  of  High  Temperature  on  the  Tensile  Properties  of  Cast  Iron.1 


(See  Tables  24  and  25.) 


Chemical  composition  of 
materials  used. 

Chemical  composition  of 
materials  used. 

A-l 

A-2 

A-3 

A-l 

A-2 

A-3 

Total  carbon 

3.286 

3.144 

2.845 

S 

0.110 

0.110 

0.155 

Graphitic  carbon 

2.716 

2.334 

1.950 

P 

1.541 

.868 

1.036 

Si 

1.745 

1.840 

1.447 

Mn 

.155 

.510 

.460 

1 A.  Cameron  and  J.  Donaldson,  The  Met.  Ind.,  London,  Aug.  ii,  1922. 

A— 1 is  used  for  stove  plate  and  other  light  castings. 

A— 2 is  a strong  cast  iron  used  for  steam  turbines  and  other  marine  work. 
A— 3 is  a semfsteel  used  for  dies  tor  tube  drawing. 

65516°—  24 10 
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TABLE  24. — Effect  of  High  Temperature  on  the  Tensile  Strength  of  Cast  Iron.1 
|For  chemical  composition,  see  Table  23.] 


Tempera- 

ture. 

A-l 

A-2 

A-3 

As  cast. 

Annealed. 

As  cast. 

Annealed. 

As  cast. 

Annealed. 

°C. 

15 

100 

200 

250 

300 

350 

400 

500 

600 

700 

800 

°F. 

59 

212 

392 

482 

572 

662 

752 

932 

1,112 

1,292 

1,472 

bg/mmJ 

16.0 

15.6 

15.3 

lb. /in.1 

22.700 
22,200 

21.700 

kg/mm2 

17.3 

17.3 

18.1 

lb./in.2 

24.600 

24.600 
25,800 

kg/mm2 

23.6 
23.5 

22.7 
21.9 
21.0 
22.0 

23.3 

22.0 

20.2 

10.1 

4. 25 

lb./in.2 
33, 600 

33.400 

32.200 
31,100 
29,800 

31.400 

33.200 

31.200 
28,700 
14,350 

6,050 

kg/mm2 

23.6 

23.9 

23.3 

lb./in.2 

33,600 

34,000 

33,100 

kg/mm2 
26. 1 
25.8 
25.3 
24.6 
25.0 

lb./in.2 
37,200 
36, 800 

36. 000 

35.000 
35,600 

kg/mm2 
26.  4 
26.  4 
26.6 

lb./in.2 

37,600 

37,600 

37,800 

16.0 

22,700 

17.7 

25,200 

23.5 

33,400 

26.6 

37,800 

16.1 

15.8 

11.5 

5.3 

22,800 

22,500 

16,350 

7,500 

17.8 
17.3 

12.8 
6.3 

25,300 
24,600 
18, 100 
8,950 

23.7 

22.7 

33,800 

32,300 

26.7 

25.0 

38,000 

35,600 

26.6 

25.0 

37,850 

35,500 

1 TheMet.  Ind.,  London,  Aug.  n,  1922. 


TABLE  25. — Effect  of  Repeated  Heating  and  Cooling  on  Tensile  Strength  of  Cast  Iron.1 

[For  chemical  composition,  see  Table  23.] 


Condition. 

A-l 

A-2 

A-3 

Original 

kg/mm2 

16.1 

15.3 

lb./in.2 

22,800 

21,800 

kg/mm2 

23.6 

21.2 

20.5 

lb./in.2 

33,600 

30,200 

29,100 

kg/mm2 

26.1 

23.4 

22.0 

lb./in.2 

37.200 

33.200 
31,300 

After  25  heatings  at  450°  C.  (842=  F.) 

After  25  heatings  at  550°  C.  (1,022°  F.) 

After  55  heatings  at  550°  C.  (1,022°  F.) 

11.8 

16,800 

1 The  Met.  Ind.,  London,  Aug.  11,  1922. 


TABLE  26. — Effect  of  Temperature  on  Tensile  Properties  of  Some  Metals  (see  fig.  47). 


Alloy. 

Composition. 

No. 

Name. 

Sn 

Pb 

Cu 

Fe 

Zn 

P 

A1 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

Copper-tin  bronze  

12. 46 

0.06 

87.02 

0.30 

0. 20 

2 

10.22 

Trace. 

89.  50 

.38 

0 

0.035 

3 

Brass 

5. 69 

3.02 

86. 19 

.20 

5. 03 

4 

Aluminum  brnri7e  

.03 

.16 

94. 9$ 

. 14 

4.90 

5 

....  do 

.48 

.17 

88.86 

.75 

.15 

9.67 

6 

Cast  manganese  bronze 

.51 

Trace. 

58.10 

2.21 

39. 05 

(Mn,  0.055) 

7 

U.  S.  Navy  brass  “S—C”  

3. 98 

2. 78 

80.  32 

. 24 

12.  80 

8 

TT.  S.  Navy  hrnnzfi  “M”  

7.72 

1.22 

86.92 

.23 

3. 62 

9 

IT.  S.  Navy  gun  hrrvnye  “G”  

10.40 

.39 

87. 60 

.11 

1.31 

10 

Cast  Monel  metal 

.08 

.13 

27.11 

5.46 

(Mn,  2. 33) 

(Ni,  64.79) 

(C,  0.32) 

16 

Rolled  rod  bra<;«.  

.00 

2.53 

62. 30 

.15 

34. 84 

18 

Rolled  Monel  metal 

27.22 

2.38 

(Mn,  1. 56) 

(Ni,  68. 64) 

(C,  0.025) 

Si 

Mn 

! 

s 

P 

Graph  C. 

Comb  C 

C 

11 

Soft  cast  iron  

2. 57 

0. 60 

0.103 

0. 73 

3. 31 

0.17 

12 

Cast  iron  (“semisteel,: ) 

1.76 

1.15 

.103 

.44 

3.  00 

.47 

13 

Cupola  malleable  iron 

.92 

.51 

. 152 

. 183 

2.96 

Trace. 

14 

Cast  steel 

.22 

.61 

.068 

.045 

0. 302 

15 

Cold-rolled  shafting 

.031 

.80 

. 108 

.079 

.140 

17 

30  per  cent  nickel  steel,  rolled 

.14 

2. 80 

.017 

.011 



(Ni,  30.92)1 

.285 

Note. — Analyses  of  materials  used  in  tensile  tests.  Bregowsky  and  Spring,  Proc.  Intemat.  Assoc,  for  Testing  Mate- 
rials, 7 (1);  1912. 
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FlG.  38. — Tensile  properties  of  cold-rolled,  boiler  plate  at 
elevated  temperatures . 

H.  J.  French,  Chem.  and  Met.  Eng.,  August  2,  1922. 


temperature 


Fig.  39. — Tensile  properties  of  hot-rolled  boiler  plate  at 
elevated  temperatures . 

H.  J.  French,  Chem.  and  Met.  Eng.,  August  2,  1922. 
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Fig.  40. — Tensile  properties  of  cald,  hot,  and  blue  rolled  boiler  plate  at  elevated  temperatures  as 
determined  on  specimens  cut  across  the  direction  of  rolling. 

Cold  and  blue  rolled  plates  reduced  1/16  in.  (1.6  mm) from  XA  in.  (12.7  mm)  at  room  temperature  and  300  0 C.  (572°  F.), 

respectively. 

H.  J.  French,  Chem.  and  Met.  Eng.,  August  2,  1922. 


TABLE  27. — Effect  of  Temperature  on  Torsional  Properties  of  Some  Metals  (see  fig.  48). 


Alloy  and  name. 

Composition. 

Si 

Mn 

S 

P 

C 

Ni 

V 

Cr 

A.  Cold-rolled  shafting 

B.  Cumberland  cold-rolled  shafting. 

C.  O.  H.  machinery  steel 

Per  cent. 
0.011 
.024 
.024 
.132 

Per  cent. 
0.73 
.50 
.49 
.45 

Per  cent 
0.117 
.110 
.029 
.042 

Per  cent. 
0.198 
.101 
.013 
.032 

Per  cent. 
0.093 
.083 
.084 
.365 
.186 
.275 

.375 

.722 

Per  cent. 

Per  cent. 

Per  cent. 

D.  3£per  cent  nickel-vanadium  steel. 

E.  25  per  cent  nickel  steel 

3.  25 
25.03 
30.92 

0.45 

F.  30  per  cent  nickel  steel 

P.  Medium  Cumberland  cold -rolled 
steel  

.14 

.12 

.16 

2.80 

.51 

.32 

.017 

.050 

.034 

.011 

.013 

.014 

N.  Vanadium  tool  steel 

.145 

0.49 

Alloy  and  name. 

Sn 

Pb 

Cu 

Fe 

Ni 

Mn 

C 

Zn 

P 

A1 

fl,  rolled  Monel  metal 

Per  ct. 

Per  ct. 
0. 28 

Per  ct. 
27.08 
27.  22 
61.  08 
59.  86 
95.  52 
56.  56 
59.58 

Per  ct. 
2. 50 
2.38 
.42 
.46 
.16 
2.40 
1.22 

Per  ct. 
68.40 
68.  64 

Per  ct. 
1.52 
1.56 

Per  ct. 
0.186 
.225 

Per  ct. 

Per  ct. 

Per  ct. 

M .£"  rolled  Monelmetal 

H.  Rod  brass 

0.18 

.80 

3.87 

.76 

.54 

2.34 

0 

0 

.56 

0 

35.72 

38.94 

0 

39.  36 
38. 08 

I.  Tnhin  hronze. . 

0. 0015 
.307 
.004 

J.  Elephant  ( phosphor)  bronze 

K.  Delta  metaL 

L.  Parsons’  manganese  bronze 

0.34 

Note. — Analyses  of  materials  used  in  torsional  tests.  Bregowsky  and  Spring,  Proc.  Intemat.  Assoc,  for  Testing 
Materials,  7 (1);  1912. 
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Metal. 

Temperature. 

Tensile  strength. 

Elonga- 

tion. 

Reduc- 
tion oi 
area. 

°C. 

°F. 

kg/mm1 2 

lb./in.2 

Per  cent. 

Per  cent. 

Cadmium,  annealed  at  100°  C.  (212  °F.) 

20 

68 

6.4 

9,100 

17 

49 

130 

266 

2.45 

3,480 

34 

51 

237 

459 

.55 

780 

45 

44 

Copper,  annealed  at  600°  C.  (1,112°  F.)2 

20 

68 

22.8 

32,400 

32 

67 

160 

320 

18.4 

26,200 

32 

71 

300 

572 

13.2 

18,750 

30 

50 

410 

770 

8.5 

12,100 

19 

24 

555 

1,031 

4.85 

6,900 

14 

19 

650 

1,202 

3.3 

4,700 

15 

20 

793 

1,460 

1.9 

2,700 

14 

34 

970 

1,778 

.8 

1,140 

6 

15 

Low  carbon  steel,  annealed  at  900°  C.  (1,652°  F.) 

20 

68 

33.4 

47,500 

21 

68 

225 

437 

43.0 

61,200 

4 

57 

275 

527 

44.5 

63, 300 

7 

51 

335 

635 

37.1 

52,800 

18 

61 

407 

764 

27.0 

38,400 

21 

68 

617 

1,142 

7.6 

10,800 

45 

95 

807 

1,484 

2.3 

3,270 

39 

89 

835 

1,535 

2.2 

3,130 

39 

88 

1,010 

1,850 

2.9 

4,120 

1,100 

2,012 

2.7 

3,840 

1,200 

2,192 

1.3 

1,850 

Medium  carbon  steel,  annealed  at  700°  C.  (1,292°  F.) 

20 

68 

45.0 

64,000 

16 

63 

250 

482 

57.2 

81,300 

5 

43 

330 

626 

52.6 

74, 700 

9 

54 

412 

774 

44.5 

63,300 

19 

55 

485 

905 

27.8 

39, 500 

20 

62 

617 

1,142 

15.0 

21,300 

32 

80 

722 

1,332 

7.0 

9,940 

35 

63 

Lead,  annealed  at  100°  C.  (212°  F.) 

20 

68 

1.35 

1,920 

31 

100 

82 

180 

.8 

1,140 

24 

100 

150 

302 

.5 

710 

33 

100 

195 

383 

.4 

570 

20 

100 

265 

509 

.2 

280 

20 

100 

Magnesium,  annealed  at  350°  C.  (662°  F.) 

20 

68 

17.0 

24,200 

0 

2 

83 

181 

13.4 

19,050 

10 

13 

175 

347 

6. 75 

9,600 

35 

45 

273 

523 

2.95 

4,190 

46 

76 

355 

671 

1.6 

2,270 

50 

87 

550 

1,022 

.3 

430 

40 

100 

Nickel,  annealed  at  900°  C.  (1,652°  F.) 

20 

68 

49.3 

70,000 

26 

72 

195 

383 

44.8 

63,600 

26 

66 

300 

572 

44.8 

63,600 

31 

67 

455 

851 

30.2 

42,900 

20 

31 

593 

1,100 

20.6 

29,300 

16 

25 

800 

1,472 

9.2 

13, 100 

11 

18 

1,000 

1,832 

4.0 

5,690 

11 

15 

1,100 

2,012 

2.5 

3,550 

11 

24 

Tin,  annealed  at  50°  C.  (122°  F.) 

20 

68 

27.5 

39, 100 

40 

74 

53 

127 

17.5 

24,900 

45 

72 

100 

212 

10.5 

14,900 

45 

82 

153 

307 

6.5 

9,240 

41 

97 

180 

356 

4.5 

6,400 

10 

12 

297 

405 

2.5 

3,550 

0 

0 

Zinc,  annealed  at  200°  C.  (392°  F.) 

20 

68 

11.3 

16,050 

5 

7 

112 

234 

7. 25 

10,300 

8 

15 

150 

302 

5.0 

7,100 

7 

10 

247 

477 

2.25 

3,200 

6 

11 

330 

626 

1.25 

1,780 

8 

15 

405 

761 

.03 

40 

2 

2 

1 P.  Irndwik,  Zeitschrift  des  Vereines  der  Deutscher  Ingenieure,  p.  657,  Aug.  14,  1915. 

8 The  rate  of  loading  not  given. 
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Fig.  41. — Tensile  properties  at  elevated  temperatures  of  0.38 
per  cent  carbon  steel. 

H.  J.  French,  B.  S.  Tech.  Paper  No.  205;  1921. 
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TABLE  29. — Effect  of  Temperature  on  the  Tensile  Strength  of  High-Speed  Steel.1 


Temperature. 

Tensile  strength. 

Temperature. 

Tensile  strength. 

°C. 

°F. 

Grade  A. 

Grade  B. 

°C. 

°F. 

Grade  A. 

Grade  B. 

C,  0.63;  Cr,  3.55; 
V,0.97;  W,  17.04. 

C,  0.65;  Cr,  3.33; 

V,  1.78;  W,  13.85. 

C,  0.63;  Cr,  3.55; 
V,0.97;  W,  17.04. 

C,  0.65;  Cr,  3.33; 

V,  1.78;  W,  13.85. 

38 

204 

316 

427 

100 

400 

600 

800 

kg/mm2 

171.2 

180.3 
202.  0 

200.4 

lb./in.2 

243. 500 

256. 500 

287.500 
285,000 

kg/mm2 

151.1 

lb./in.2 

215,000 

538 

593 

649 

1,000 

1,100 

1,200 

kg/mm2 

168.7 

154.7 
130.1 

lb./in.2 

240. 000 

220.000 
185,000 

kg/mm2 
156.8 
140.  6 
112.5 

lb./in2. 

223.000 

200.000 
160,000 

191.9 

182.9 

273. 000 

260.000 

1 Met.  Ind.,  London,  Apr.  14,  1922. 


TABLE  30. — Flow  of  Steels  Under  Constant  Load  at  High  Temperatures.1 

[For  Chemical  Composition  and  Heat  Treatment  of  Tested  Steels,  see  Table  31.] 


Type  of  steel. 

Temperature  range. 

Actual  duration  of  test 
before  fracture  or 
withdrawal. 

Esti- 
mated 
time  at 
load  of 
13.4 

kg/mm2 
or  19,000 
lb./in. 
causing 
fracture. 

Elonga- 
tion on 
middle 
50.8  mm 
or  2 
inches. 

Reduc- 
tion of 
area. 

°C. 

°F. 

Hours. 

Hours. 

Per  cent. 

Per  cent. 

O.30  per  cent  carbon 

500-550 

932-1,022 

1, 739  withdrawn 

2 3, 400 

550-600 

1,022-1,112 

956  broken 

956 

30.0 

85 

600-650 

1,112-1,202 

28  broken 

28 

29.0 

88 

700 

1,292 

3 min. 

32.5 

92 

775 

1,427 

2 6 sec. 

0.45  per  cent  carbon 

500-550 

932-1,022 

1, 405  withdrawn 

2 2,600 

550-600 

1,022-1,112 

195  broken 

195 

32.0 

84 

600-650 

1,112-1,202 

26  broken 

26 

32.0 

84 

680 

1,256 

3 min. 

33.0 

90 

775 

1,427 

2 6 sec. 

Nickel-chromium  

500-550 

932-1,022 

701  broken 

701 

40.0 

85 

550-600 

1,022-1,112 

88  broken 

88 

41.0 

88 

600-650 

1,112-1,202 

8 broken 

8 

38.0 

91 

685 

1,265 

3 min. 

40.0 

94 

805 

1,481 

2 6 sec. 

14.7  per  cent  chromium 

500-550 

932-1,022 

1, 740  withdrawn 

*10,000 

550-600 

1,022-1,112 

1,728  broken 

1,728 

34.0 

84 

600-650 

1,112-1,202 

79  broken 

79 

37.0 

85 

735 

1,355 

3 min. 

36.0 

91 

800 

1,472 

2 6 sec. 

High-speed 

500-550 

932-1,022 

1, 717  withdrawn 

2 81,000 

550-600 

1,022-1,112 

2, 002  withdrawn 

2 25,000 

600-650 

1,112-1,202 

380  withdrawn 

2 4,500 

650-700 

1,202-1,292 

564  broken 

564 

19.0 

47 

700-750 

1,292-1,382 

21  broken 

21 

24.0 

60 

815 

1,499 

3 min. 

32.0 

82 

955 

1,751 

2 6 sec. 

Nickel-chromium  alloy  (as  cast) 

500-550 

932-1,022 

521  withdrawn 

550-600 

1,022-1,112 

3, 604  withdrawn 

2 108, 120 

600-650 

1,112-1,202 

6, 041  broken 

6,041 

17.5 

40 

650-700 

1,202-1,292 

901  broken 

901 

14.5 

23 

700-750 

1,292-1,382 

273  broken 

273 

27.0 

51 

895 

1,643 

3 min. 

24.5 

44 

925 

1,697 

1 min. 

25.0 

47 

965 

1,769 

2 6 sec. 

1 J.  H.  S.  Dickenson,  Eng.,  Sept.  15,  1922. 


2 Estimated  time. 
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TABLE  31. — Flow  of  Steels  Under  Constant  Load  at  High  Temperatures.  See  Table  30.1 


[Chemical  Composition  and  Heat  Treatment  of  Tested  Steels.] 


Chemical  composition. 

Class  of  steel. 

Diameter 

Heat  treatment  before 

of  bar. 

machining. 

C 

Si 

Mn 

S 

P 

Ni 

Cr 

W 

V 

Inches. 

0.30  per  cent  car- 
bon. 

1 

Oil  hardened,  850°  C. 

0.30 

0.12 

0. 54 

0. 027 

0.038 

0.51 

0.14 

(22.2  mm) 

(1,562°  F.);  tempered, 
575°  C.  (1,067°  F.). 

0.45  per  cent  car- 

1 

Water  hardened,  850°  C. 

.45 

.37 

.79 

.022 

.024 



.02 

bon. 

(25.4  mm) 

(1,562°  F.);  tempered, 
600°  C.  (1,112°  F.). 

Nickel-chromium. . 

a 

Oil  hardened,  830°  C. 

.25 

.11 

.36 

.031 

.026 

3.63 

.55 

(19.05  mm) 

(1,526°  F.);  tempered, 
600°  C.  (1,112°  F.). 

14.7  per  cent  chro- 
minm. 

7 

■g 

Oil  hardened,  925°  C. 

.26 

.59 

.17 

.066 

.016 

.39 

14. 68 

(22.2  mm) 

(1,697°  F.);  tempered, 
650°  C.  (1,202°  F.). 

High-speed 

*t 

(20.6  mm) 

Annealed,  800°  C.  (1,472° 
F.). 

.60 

.28 

.23 

.044 

.029 

3.  49 

14.09 

0.  72 

Nickel-chromium 
alloy  (cast). 

69. 90 

.54 

.73 

.10 

.032 

.030 

15. 50 

1 J.  H.  S-  Dickenson,  Eng.,  Sept.  15,  1922- 
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Fig.  43. — Tensile  properties  at  elevated  temperatures  of  nickel-chromium 
steel  containing  3 per  cent  nickel,  1 per  cent  chromium,  and  0.39  per  cent 
carbon. 

H.  J.  French,  B.  S.  Tech.  Paper  No.  205;  1921. 
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Fig.  44. — Tensile  properties  at  elevated  temperatures  of  per  cent  nickel  steel 
containing  0.37  per  cent  carbon. 


H.  J.  French,  B.  S.  Tech.  Paper  No.  205;  1921. 


Fig.  45. — Tensile  properties  of  Monel 
metaland  nickel  at  high  temperatures . 

Communicated  by  P.  Merica  of  the  International 
Nickel  Co.,  1922. 


Fig.  46. — Variation  of  tensile  properties 
of  rolled  zinc  with  temperature. 


C.  Mathewson,  C.  Trewin,  and  W.  Finkeldey, 
Trans.  Am.  Inst.  Min.  Met.  Eng.,  64,  p.  305; 
1920. 

1.  With  grain  V Common  zinc  with  0.37  Pb, 

2.  Across  grain/  0.016  Fe,  0.04  Cd. 

3.  With  grain  1 Pure  zinc  with  0.065  Pb, 

4.  Across  grain/  0,018  Fe. 

Thickness  of  specimens  was  1.4  mm  or  0.055; 
in.  Scleroscope  hardness  of  common  zinc,  27 
and  that  of  pure  zinc,  23. 


elongation  percent 


*54 


Circular  of  the  Bureau  of  Standards , 


k 


§ 


Si 

j3 
a J 

a 

1 


o 


£ 


08 

£ 

b4 


Physical  Properties  of  Materials, 


155 


£ 


p 

K 

« 


156 


Circular  oj  the  Bureau  of  Standards. 


temperature 


Fig.  49. — Effect  of  temperature  on  the  tensile  properties  of  nickel,  zinc,  magnesium, 
tin,  cadmium,  and  lead. 

P.  L,udwik,  Zeitschiift  des  Vereines  Deutscher  Ingenieuie,  p.  657,  Aug.  14, 1915. 
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H.  J.  French,  B.  S.  Tech.  Paper  No.  219;  1922. 

Chemical  composition  and  heat  treatment  of  tested  steels: 

Carbon:  (1)  C,  0.59;  Mn,  0.40;  Si,  0.05;  p,  0.017;  S,  0.027;  Cr,  0.05.  Cooled  in  air  from 
850°  C.  (1,562°  F.).  (2)  C,  0.38;  Mn,  0.55;  Si,  0.14;  P,  0.014;  S,  0.013.  Cooled  in  air 
from  850°  C.  (1,562°  F.).  (3)  C,  o.i8;Mn,  0.43;  P,  0.017;  S,  0.035.  Cooled  in  air  from 
900°  C.  (1,652°  F.). 

3Mpercent  Ni:  C,  0.37;  Mn,  0.67;  Si,  0.20;  P,  0.021;  S,  0.010;  Ni,  3.43  Air  cooled  from 
8oo°  C.  (1,472°  F.). 

Nickel-uranium:  C,  0.43;  Mn,  0.50;  Si,  0.50;  P,  0.007;  S,  0.010;  Ni,  2.79;  U,  0.35. 
Quenched  in  water  from  800°  C.  (1,472°  F.)  and  cooled  in  air  from  600°  C (1,112  F.). 

High  Ni:  C,  0.20;  Mn,  0.80;  Si,  0.15;  Ni,  28.6.  Cooled  in  air  from  800°  C.  (1,472°  F.). 

Manganese:  C,  0.28;  Mn,  1.26; Si,  0.12;  P,  0.07;  S,  0.047;  Ni,  0.12;  Cr,  0.05.  Cooled  in 
air  from  850°  C.  (1,562°  F.). 
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H.  J.  French,  B.  S.  Tech.  Paper  No.  219;  1922. 

Chemical  composition  and  heat  treatment  of  tested  steels: 

Stainless:  C,  o.3r;  Mn,  0.24;  Si,  0.054;  P,  0.020;  S,  0.020;  Cr,  T2.75.  (1)  Quenched  in  oil 
from  9550  C.  (1,751°  F.)  and  cooled  in  air  from  675°  C.  (1,247°  F.).  (2)  Quenched  in 
oil  from  1,150°  C.  (2,102°  F.)  and  cooled  in  air  from  675°  C.  (1,247°  F.). 

Chromium  Vanadium  (die  steel):  C,  0.38;  Mn,  0.56;  Si,  o.r6;  P,  0.011;  S,  0.014;  Cr.  1.98; 

V,  0.18.  Cooled  in  air  from  800  C.  (r,472°  F.). 

Chromium-molybedenum:  C,  0.27;  Mn,  0.62;  Si,  0.26;  P,  0.018;  S,  0.008;  Cr,  0.99;  Mo,  0.41; 
Ni,  0.08.  (x)  Cooled  in  air  from  815°  C.  (1,499°  F.).  (2)  Queched  in  oil  from  845°  C. 
(i,553°  F.)  and  cooled  in  air  from  600°  C.  (1,112°  F.). 

Tungsten:  C,  0.95;  Si,  0.26;  W,  1.17.  Cooled  in  air  from  815°  C.  (1,499°  F.). 


TABLE  32.— Tensile  Strength  of  Steels  at  Elevated  Temperatures  Under  Rapidly  (1-2  min.)  Applied  Load.1 
[For  Chemical  Composition  and  Heat  Treatment  of  Tested  Steels  see  Table  31.] 
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TABLE  33. — Tensile  Properties  of  Molybdenum  Wire  at  High  Temperatures. 


Condition. 

Temperature. 

Tensile  strength. 

Elongation  in 
50.8  mm  (2  in.). 

Reduc- 
tion of 
area. 

°C 

°F. 

kg/mm1 2 

lb./in.2 

Per  cent. 

Per  cent. 

Treated  to  develop  extremely  large  grains 

-185 

-301 

68.5 

97,  500 

0.0 

0.0 

25 

77 

29.9 

42,  500 

3.15 

.3 

100 

212 

24.6 

35,000 

4.30 

.0 

200 

392 

19.7 

28, 000 

8.70 

.1 

300 

572 

21.8 

31,000 

10.  20 

100 

400 

752 

19.3 

27,  500 

6.25 

100 

500 

932 

19.0 

27,000 

3.10 

100 

600 

1,112 

19.7 

28,000 

2.35 

100 

700 

1,292 

21.1 

30,000 

3.15 

100 

900 

1,652 

20.7 

29, 500 

3. 10 

100 

Treated  to  develop  very  small  grains 

-185 

-301 

105.9 

150, 500 

.40 

0.0 

-50 

-58 

105.5 

150,000 

11.75 

55 

25 

77 

88.0 

125,000 

20.  00 

66 

100 

212 

80.2 

114,000 

17.30 

68 

200 

392 

73.9 

105,  000 

14. 00 

78 

300 

572 

66.8 

95,000 

9.40 

85 

400 

752 

61.8 

88,  000 

7.00 

86 

500 

932 

56.2 

80,000 

6.25 

89 

- 

600 

1,112 

55.5 

79,  000 

2.35 

90 

700 

1,292 

53.8 

76,500 

2. 35 

93 

900 

1,652 

49.9 

71,000 

1.80 

93 

Swaged  and  drawn  hot  at  1,300  to  1,000°  C.  (2,372  to 

-185 

-301 

147.8 

210,000 

0.0 

0.0 

1,832°  F.)  from  0.125  to  0.025  in.  (3.33  to  0.66  mm). 

25 

77 

104.0 

148,  000 

4.70 

68 

100 

212 

92.2 

131,000 

1.55 

71 

200 

392 

84.4 

120,000 

.80 

75 

300 

572 

73.2 

104,000 

.80 

79 

400 

752 

70.3 

100,000 

.80 

87 

500 

932 

68.9 

98,000 

Less  than  . 5 

89 

600 

1,112 

67.5 

96, 000 

Less  than  .5 

88 

700 

1,292 

56.2 

80, 000 

Less  than  .5 

89 

900 

1,652 

54.8 

2 78, 000 

Less  than  .5 

88 

1 W.  P.  Sykes,  Trans.  Am.  Inst.  Min.  and  Metal.  Eng.,  64,  p.  780;  1920. 

2 Rapid  loading. 


Physical  Properties  of  Materials. 

TABLE  34.— Tensile  Properties  of  Nickel  Wire  at  High  Temperatures 


i6x 


Condition. 

Temperature. 

Tensile  strength. 

Elonga- 
tion in 
50.8  mm 

Reduc- 
tion ot 

(2  in.). 

area. 

°C. 

°F. 

kg/mm2 

lb./in.2 

Per  cent. 

Per  cent. 

—185 

—301 

102.0 
87.  2 

145,  000 
124,  000 

3.15 

1.06 

25 

77 

60 

70 

100 

212 

85.8 

122,  000 

.8 

65 

200 

392 

81.6 

116,  000 

.0 

60 

300 

572 

78.0 

111,  000 

.0 

75 

400 

500 

752 

92?2 

67.5 

59.7 

96. 000 

35. 000 

.8 

.8 

73 

69 

600 

1,112 

58.3 

83,  000 

.8 

65 

700 

1,292 

14.1 

20,000 

20.3 

50 

800 

1,472 

12.0 

17, 000 

20.5 

45 

Drawn  at  400°  C.  (752°  F.)  from  0.040  to  0.025  in.  (1.02  to 

-185 

-301 

91.0 

129, 500 

3.98 

50 

0.64  mm). 

25 

77 

77.4 

110, 000 

3.12 

73 

100 

212 

73.2 

104,  000 
98, 000 

2.35 

73 

200 

392 

68.9 

2.35 

73 

300 

572 

60.4 

86,  000 

1.55 

63 

400 

752 

54.1 

77, 000 

1.60 

63 

500 

932 

48.5 

69,  000 

1.60 

73 

600 

1,112 

40.8 

58, 000 

1.60 

63 

700 

1,292 

12.7 

18,  000 

13.0 

47 

800 

1,472 

7.7 

11,000 

18.0 

48 

Drawn  cold  from  0.095  to  0.025  in.  (2.41  to  0.64  mm) 

-185 

—301 

109.0 

155, 000 
133,  000 

3.12 

1.06 

54 

53 

25 

77 

93.5 

100 

212 

90.7 

129,  000 

.80 

52 

200 

392 

85.1 

121, 000 

.0 

52 

300 

572 

83.7 

119,  000 

.0 

58 

400 

752 

75.2 

107, 000 

.0 

56 

500 

932 

61.2 

87, 000 

.80 

63 

600 

1,112 

58.4 

83, 000 

.80 

55 

700 

1,292 

1,472 

15.5 

22, 000 

18.5 

82 

800 

9.1 

13, 000 

15.5 

65 

900 

1, 652 

6.0 

8, 500 

84, 000 

20.0 

Drawn  cold  from  0.095  to  0.025  In.  (2.41  to  0.64  mm)  and 

-185 

-301 

59.0 

22.0 

2 53 

annealed  at  800?  C.  (1,472°  F.). 

25 

77 

42.2 

60, 000 

22.0 

75 

100 

212 

39.3 

56, 000 

20.3 

73 

200 

392 

35.1 

50,  000 

15.5 

68 

300 

572 

35.1 

50, 000 

17.5 

75 

400 

752 

30.2 

43, 000 

17.25 

75 

500 

932 

23.9 

34, 000 

19.5 

75 

600 

1,112 

17.6 

25, 000 

15.5 

65 

700 

1,292 

12.0 

17, 000 

15.5 

60 

800 

1,472 

9.1 

13, 000 

15.5 

45 

900 

1,652 

6.3 

9,000 

15.5 

39 

1, 000 

1,832 

4.9 

7, 000 

26.5 

43 

1 W.  P.  Sykes,  Trans.  Am.  Inst.  Min.  and  Metal.  Eng.,  64,  p.  780;  1920.  2 Rapid  loading. 


TABLE  35. — Compression  Tests  of  Some  Steels  at  High  Temperature.1 
[See  Figs.  52  to  57.] 

CHEMICAL  ANALYSIS  OF  TESTED  STEELS.2 


Steel. 

Chemical  composition. 

C 

Mn 

p I S 

I 

Si 

Cr 

N1 

A 

Per  cent. 
0. 07 
.10 
.32 

.95 

.33 

.31 

Per  cent. 
0. 43 
.37 
.53 

.20 

.59 

.50 

Per  cent. 
0.069 
.012 
.013 

.014 

.010 

.032 

Per  cent. 
0. 052 
.051 
.037 

.011 

.046 

.029 

Per  cent. 
0. 008 
.009 
.015 

.250 

.144 

.17 

Per  cent. 

Per  cent. 

B 

C 

D 

E 

0.51 

.94 

1.14 

2.89 

F 

1 Results  obtained  by  H.  J.  French,  unpublished  data  of«the  Bureau  of  Standards;  1923. 

2 The  specimens  were  0.75  in.  (19.05  mm)  in  diameter  and  3.25  in.  (82.55  mm)  long.  The  speed  of  the  testing  machine 
was  about  0.07  in.  (1.78  mm)  per  minute. 

65516°— 24 11 


162 


Circular  oj  the  Bureau  of  Standards , 


Physical  Properties  oj  Materials 


163 


164 


Circular  of  the  Bureau  of  Standards , 


Physical  Properties  of  Materials.  165 

TABLE  36. — Compression  Tests  of  White  Metal  Bearing  Alloys  at  Elevated  Temperatures.1 

[For  chemical  composition  of  tested  alloys,  see  Table  37.] 


F.). 


Brinell 

hard- 

ness. 


} 8 

} 

} “ 
} 8 
} 8 


1 J.  R.  Freeman,  jr.,  and  R.  W.  Woodward,  U.  S.  Bureau  of  Standards  Technologic  Paper  No.  188;  1921. 


25°  C.  (77°  F.). 


50°  C.  (122°  F.). 


75°  C.  (167°  F.). 


100°  C.  (212° 


Alloy 

No. 


1 

2. 

3. 

4. 

5. 


Yield 

point, 

kg/mm2 

lb./in.2. 


3.1 
4,400 
4.4 
6, 250 
4.04 

5.750 
3.3 

4, 700 
2. 64 

3. 750 


Ulti- 

mate 

strength, 

kg/mm2, 

lb./in.2. 


9.04 
12, 850 
10.  67 
15,175 

11.55 
16,425 

9.64 
13, 700 

10.56 
15,000 


Brinell 

hard- 

ness. 


Yield 

point, 

kg/mm2, 


Ulti- 

mate 

strength, 

kg/mm2, 


2. 67 
3, 800 
3.41 
4,850 
3.51 
5,000 
2.  57 

3.650 

1.86 

2. 650 


7.  32 
10, 400 

8.  34 
11,850 

8.  56 
12, 175 
7. 07 
10, 050 
7. 93 
11, 275 


Brinell 

hard- 

ness. 


Yieid  ! 22; 

_A*  X 1 111  cl  t6 

strength, 


} 4 

} 4 
} 4 
} 4 


2. 22 

3, 150 
2.  81 
4,000 
2. 99 

4. 250 
2.  04 

2,900 
1.  58 

2. 250 


5.94 
8,450 
6. 61 
9,400 
7. 10 
10, 100 
5.52 
7,850 
5.55 
7,900 


Brinell 

hard- 

ness. 


Yield  ! Sate 

kednm"  strenSth' 

■fins® 


1.86 
2, 650 
2.00 
2,850 
2. 36 
3,350 
1.51 
2,150 
1.09 
1.550 


4.89 
6,950 
4. 87 
6,825 
5. 43 
7,725 
4.  25 
6,050 
3. 36 
4, 770 


TABLE  37. — Chemical  Composition  of  White  Metal  Bearing  Alloys. 

[See  Table  36.] 


Alloy  No 

1 

2 

3 

4 

5 

Copper per  cent.. 

Antimony do 

Tin do.... 

Iron  1 do 

4. 56 
4. 52 
Balance. 
None. 

3.51 
7.  57 
Balance. 
None. 

5. 65 
6.90 
Balance. 

0.09 

2.90 
10. 50 
Balance. 
25. 05 

None. 
10.03 
Balance. 
84. 95 

1 

1 Less  than  0.05. 


TABLE  38. — Tensile  Properties  of  Some  Bearing  Alloys  at  Elevated  Temperature.1 


Alloy. 

Temperature. 

Proportional  limit. 

Tensile  strength. 

Elongation 
in  2 in. 
(50.8  mm). 

Reduction 
of  area. 

Cu 

Sn 

Pb 

Zn 

°C.  | °F. 

kg/mm2 

lb./in.2 

kg/mm2 

lb./in.2 

Per  cent. 

Per  cent. 

85 

5 

5 

5 

Room  temperature. 

14. 1 

20,000 

26.8 

38, 100 

36 

32.0 

100  I 212 

12.2 

17, 400 

23.7 

33,  700 

24 

24.5 

70 

5 

20 

5 

- 

Room  temperature. 

14.1 

20, 100 

22.7 

32,300 

20 

17.0 

100  j 212 

12.4 

17,600 

20.5 

29, 200 

19 

19.5 

1 G.  H.  Clamer,  Am.  Inst.  Met.  Trans.,  9,  p.  241;  1915. 


TABLE  39. — Elasticity  at  High  Temperatures.1 

[See  Figs.  58  and  59.] 

[Determinations  of  the  modulus  of  elasticity  in  shear  at  temperatures  approaching  melting  point  have  been  made  on  a wire 
suspended  in  a cylinder  evacuated  to  a pressure  of  only  1.3  mm  (to  avoid  oxidation).  The  diameter  of  wire  was  about 
1.5  mm  or  0.059  in.  and  its  length  about  380  mm  or  15  in.  The  wire  was  heated  by  electric  current  passing  through  it.] 

CHEMICAL  COMPOSITION  OF  TESTED  ALLOYS. 


Name. 

Cu 

A, 

Zn 

Mn 

Ni 

Sn 

Mg 

Brass 

Per  cent. 
60.  0 
85.  0 

Per  cent. 

Per  cent. 
40.  0 
15.0 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Red  brass 

Nickel  silver 2 

Manganin 

84.  0 

12.0 

4.0 

Phosphor  bronze 

93.  0 

7.0 

Duralumin 

4.2 

94.7 

.6 

0.5 

1 K.  Koch  und  C.  Danneker,  Annalen  der  Physik,  47,  p.  197;  1915. 


2 Was  not  determined. 


1 66 


Circular  of  the  Bureau  of  Standards. 


$ 

a 

3 

« 

(J 

T3 


XI 


u 

o 


w 


Physical  Properties  of  Materials.  167 

TABLE  40. — Elasticity  at  Low  Temperatures.1 
[Modulus  of  elasticity  was  determined  at  temperatures  from  that  of  liquid  air  to  100°  C.  (212®  F.).J 


Metal. 

Melting 

point, 

absolute 

degrees 

Centigrade. 

Ratio  of 
Young’s 
modulus 
at  zero 
absolute  to 
that  of  zero 
Centigrade. 

Metal. 

Melting 

point, 

absolute 

degrees 

Centigrade. 

Ratio  of 
Young’s 
modulus 
at  zero 
absolute  to 
that  of  zero 
Centigrade. 

Rhodium  

2,270 

1.18 

Magnesium. 

903 

1.57 

PI  a l;in  I’m  

2,045 

1.27 

Aluminum 

870 

1.44 

1,870 

1.27 

Zinc 

690 

2.00 

Palladium 

1,  770 

1.27 

Lead  . . 

595 

1.80 

Nickel  

1,720 

1.12 

Cadmium..  

1 

585 

2.50 

Copper  

1,324 

1.37 

Bismuth 

530 

1.85 

Gold  

1,315 

1.32 

Tin 

500 

2.22 

Silver 

1, 224 

1.37 

1 

1 A.  Mallock,  Proc.  Roy.  Soc.  of  London,  95,  A,  p.  429;  1919. 

Note.— Modulus  itself  does  not  bear  any  simple  relation  to  the  melting  point,  but  there  is  some  relation  between  the 
variation  of  the  modulus  with  temperature  and  the  melting  point. 


TABLE  41. — Effect  of  Temperature  on  Modulus  of  Elasticity  of  Annealed  Metals.1 


Material. 

15°  C 

. (59°  F.). 

100°  C 

. (212°  F.). 

200°  C.  (392°  F.). 

Copper 

Gold 

Lead  

kg/mm2 
10, 519 
5,584 
1,727 
15,518 

lb./in.2 

14. 950. 000 

7.925.000 

2. 450. 000 

22. 100. 000 

kg/mm2 
9, 827 
5, 408 
1,630 

lb./in. 2 

14, 000, 000 

7. 680. 000 

2. 320. 000 
20, 150, 000 

kg/mm2 
7,  862 
5,  482 

lb./in.’ 
11,200,000 
7, 790,000 

Platinum 

14,178 

12, 964 

18, 400,000 

Silver 

Cast  steel 

7,140 
20, 794 
19,561 

10.150.000 

29. 550. 000 

27. 800. 000 

7, 274 
21,877 
19, 014 

10. 350.000 

31. 100.000 
27, 000, 000 

6,374 
17, 700 
17,926 

9,050,000 
25,  200, 000 
25, 500,000 

1 Winkelman,  Handbuch  der  Physik,  1,  1,  p.  564;  1908. 


Fig.  60. — Effect  of  temperature  on  the 
impact  resistance  of  annealed  steels. 


Proc.  Interaat.  Association  for  Testing  Mate- 
rials, 5th  Congress,  III — 4.  The  test  pieces  were 
of  Mesnagertype,  10  by  10  by  60  mm  with  notches 
2 mm  wide  and  2 mm  deep  with  round  bottom. 
For  chemical  composition  of  tested  steels  see 
Table  20. 


TABLE  42. — Effect  of  Annealing  Temperature  on  Elastic  Properties  of  Cold-Rolled  Brass  Tube. 
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XIII.  MANILA  ROPE. 


TABLE  43. — Weight  and  Strength  of  Manila  Rope — Specification  Values. 

[From  U.  S.  Government  standard  specifications  adopted  Apr.  4,  1918,  and  formulated  jointly  by  cordage  manufacturers  and 
Government  representatives.  Rope  to  be  made  of  manila  or  Abaca  fiber,  with  no  fiber  of  grade  lower  than  U.  S.  Govern- 
ment grade  (1)  to  be  three-strand1  medium  laid,  with  maximum  weights  and  minimum  strengths  shown  in  the  table 
below,  lubricant  content  to  be  not  less  than  8 nor  more  than  12  per  cent  of  the  weight  of  the  rope  as  sold.] 


Approximate  diameter. 

Circumference. 

Maximum  net  weight. 

Minimum  breaking  strength. 

ram 

in. 

mm 

in. 

kg/m 

lb./ft. 

kg 

lb. 

6.3 

2, 

19.1 

\ 

0.029 

0.0196 

317 

700 

7.9 

25.4 

1 

.042 

.0286 

544 

1,200 

9.5 

§ 

28.6 

1* 

.061 

.0408 

657 

1,450 

11.1 

* 

31.8 

1£ 

.080 

.0539 

793 

1,750 

11.9 

ii 

34.9 

If 

.095 

.0637 

952 

2,100 

12.7 

i 

38.1 

li 

.109 

.0735 

1,110 

2,450 

14.3 

44.5 

if 

.153 

.1029 

1,430 

3,150 

15.9 

t 

50.8 

2 

.195 

. 1307 

1,810 

4,000 

19.1 

f 

57.2 

2i 

.241 

.1617 

2,220 

4,900 

20.6 

ii 

63.5 

2i 

.284 

.1911 

2,680 

5, 900 

22.2 

i 

69.8 

Z\ 

.328 

.2205 

3, 170 

7,000 

25.4 

1 

76.2 

3 

.394 

. 2645 

3,720 

8,200 

27.0 

l^s 

82.6 

3i 

.459 

.3087 

4,310 

9,500 

28.6 

1J 

88.9 

3i 

.525 

.3528 

4.990 

11,000 

31.8 

U 

95.2 

3* 

.612 

.4115 

5;  670 

12,500 

33.3 

1* 

101.6 

4 

.700 

.4703 

6,440 

14,200 

34.9 

if 

108.0 

4i 

.787 

.5290 

7,260 

16,000 

38.1 

li 

114.3 

.875 

.5879 

7,940 

17,500 

39.7 

1* 

120.7 

4f 

.984 

.6615 

8,840 

19,500 

41.2 

1| 

127.0 

5 

1.094 

.7348 

9,750 

21,500 

44.5 

if 

139.7 

5£ 

1.312 

.8818 

11,550 

25,500 

50.8 

2 

152.4 

6 

1.576 

1.059 

13, 610 

30,000 

52.4 

2 re 

165.1 

1.823 

1.225 

15,420 

34,000 

57.2 

2\ 

177.8 

7 

2.144 

1.441 

17,460 

38,500 

63.5 

2\ 

190.5 

n 

2.450 

1.646 

19,730 

43,500 

66.7 

2f 

203.2 

8 

2.799 

1.881 

22,220 

49,000 

73.0 

21 

215.9 

8i 

3.136 

2.107 

24,940 

55,000 

76.2 

3 

228.6 

9 

3.543 

2.381 

27,670 

61,000 

79.4 

3£ 

241.3 

9i 

3.936 

2.645 

30,390 

67,000 

82.5 

3i 

254.0 

10 

4.375 

2.940 

33, 110 

73,000 

1 Four-strand  medium-laid  rope,  when  ordered,  may  run  up  to  7 per  cent  heavier  than  three-strand  rope  of  the  same 
size,  and  must  show  95  per  cent  of  the  strength  required  for  three-strand  rope  of  the  same  size. 


TABLE  44. — Strength  of  Manila  Rope. 

[Experimental  formula  derived  from  the  tests  L=5,000  d (d+1),  where  L is  breaking  load  in  pounds;  d— diameter  of  rope 
in  inches.  (U.  S.  Bureau  of  Standards  Tech.  Paper  No.  198;  1921.)] 


Diameter. 

Number 
of  tests. 

Observed  breaking  load. 

Government  stand- 
ard specifications, 
breaking  load. 

Maximum. 

Minimum. 

Average. 

cm 

in. 

kg 

lb. 

kg 

lb. 

kg 

lb. 

kg 

lb. 

1.27  | 

i 

23 

1,777 

3,920 

1,043 

2, 300 

1,474  1 

3,250 

1,111 

2,450 

1.59 

f 

17 

2,971  1 

6,550 

1,928 

4,250 

2,404  l 

5',  300 

1,814 

4,000 

1.91 

\ 

14 

3,183  i 

7,020 

2,350 

5,180 

2,881  I 

6, 350 

2,223 

4,900 

2.06 

« 

26 

3,959 

8,730 

2,654 

5,850 

3, 220 

7,100 

2,676 

5,900 

2.54 

1 

72 

5,761  : 

12,700 

3,538 

7,800 

4,432 

9,770 

3,720 

8,200 

2.86 

H 

9 

5,851 

12,900 

3’ 946 

8,700 

5,207 

11,480 

4,990 

11,000 

3.17 

li 

76 

7,983  1 

! 17, 600 

4,727 

10,420 

6, 192 

13,650 

5,670 

12,500 

3. 81 

ii 

48 

11,249 

24,800 

6,023 

13,280 

8,364 

18,440 

7,938 

17,500 

4. 12 

if 

14 

11,435 

25,210 

7,444 

16,410 

9,902 

21,830 

9,752 

21,500 

4.44 

if 

14 

14, 120 

31,130 

9,072 

20, 000 

11,078 

24,400 

11,567 

25,500 

5.08 

2 

5 

12,338 

27.200 

10,496 

23,140 

11,857 

26, 140 

13,608 

30,000 

6. 35 

2\ 

8 

24,812 

54'  700 

14,651 

32,300 

19,958 

44,000 

19,732 

43,500 

7.62 

3 

22 

33,566 

i 74,000 

20,412 

45,000 

26,898 

59,300 

27,670 

61,000 

8.88 

3£ 

17 

47,628 

} 105,000 

26,354 

58,100 

38,919 

85,800 

10. 16 

4 

2 

52,482 

115,700 

39,690 

87,500 

46,086 

101,600 

11.43 

4£ 

1 

49, 896 

110,000 

49, 896 

110,000 
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The  data  on  mechanical  and  physical  properties  of  wooas  grown  in  the 
United  States  given  in  the  tables  below  have  been  taken  from  Bulletin  556, 
Forest  Service,  U.  S.  Department  of  Agriculture,  and  are  based  upon  about 
130,000  tests. 

The  strength  of  green  material  should  be  made  the  basis  of  stresses. 
The  bulletin  recommends  the  following  method  of  utilizing  its  data  for  green 
material.  (Table  45.) 

1.  STATIC  BENDING. 

(a)  For  carefully  selected  structural  timbers  (with  all  exceptionally 
light  pieces  excluded)  subjected  to  bending  in  dry,  interior  construction 
and  where  only  small  deflections  are  allowable  safe  working  stresses  are 
about  one-fifth  the  modulus  of  rupture  values  given  for  green  material. 
(Table  45.)  ( b ) The  values  for  modulus  of  elasticity  are  derived  from  the 
static  bending  test  but  are  applicable  to  both  beams  and  columns.  Various 
factors  tend  to  produce  unequal  local  stresses  which  in  their  turn  lead  to 
deflections  greater  than  those  calculated  from  the  average  moduli  of  elas- 
ticity. For  this  reason  it  is  good  practice  in  the  design  of  structures  to 
use  values  for  moduli  of  elasticity  about  one-half  those  given  in  Table  45. 

2.  COMPRESSION  PARALLEL  TO  GRAIN. 

A safe  working  stress  for  carefully  selected  structural  timbers  used  as 
columns  and  in  dry,  interior  construction  (all  exceptionally  light  pieces 
excluded)  is  about  one-third  the  crushing  strength  as  given  in  the  table  for 
tests  on  green  materials.  (Table  45.) 

If  the  column  is  longer  than  about  10  times  its  least  dimension,  some 
formula  should  be  used  which  will  take  care  of  the  increased  stress  caused 
by  eccentric  loading  or  by  the  bending  of  the  column. 

3.  COMPRESSION  PERPENDICULAR  TO  GRAIN. 

Two-thirds  of  the  fiber  stress  at  elastic  limit,  as  given  in  the  table  for 
tests  on  green  material  may  be  used  as  a safe  stress  in  dry,  interior  con- 
struction. 

4.  SHEARING  STRENGTH  PARALLEL  TO  GRAIN. 

Only  about  one-eighth  of  the  values  given  in  the  table  for  green  material 
should  be  used  as  allowable  stress  in  horizontal  shear  in  beams.  For  small 
details  in  timbers  unaffected  by  shakes  or  checks  the  allowable  stress  may 
be  taken  as  one-fourth  the  value  listed  for  green  timber. 
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The  allowable  stress  should  be  one-fifth  the  values  given  in  Table  45. 


Table  46  should  be  considered  as  supplementary  to  Table  45.  The  prop- 
erties of  all  species  are  not  changed  in  the  same  proportion  by  drying,  and 
all  the  properties  are  not  equally  affected. 

The  figures  in  Table  47  are  presented  as  an  aid  to  the  interpretation 
of  data  given  in  Tables  45  and  46.  They  will  assist  in  rendering  more 
nearly  comparable  data  which  are  not  compared  directly  because  of  differ- 
ences of  moisture. 

Column  2 {Table  47). — Suppose,  it  is  desired  to  compare  the  modulus 
of  rupture  of  air-drv  black  locust  with  that  of  air-dry  bittemut  hickory. 
According  to  Table  47  a 1 per  cent  change  of  moisture  causes  a 4 per  cent 
change  of  modulus  of  rupture.  Changing  the  hickory  from  9.2  to  10  per 
cent  moisture  will  decrease  the  strength  by  (10  — 9.2)X4  per  cent  = 3.2  per 
cent;  3.2  per  cent  of  18,850  = 600.  Then  the  moduli  of  rupture  of  black 
locust  and  bittemut  hickory  each  at  10  per  cent  moisture  are  20,700  and 
18,250  lb. /in.2,  respectively. 

Column  3. — Strength  properties  of  a given  species  can  be  estimated 
with  fair  accuracy  from  the  average  specific  gravity,  since  each  varies 
according  to  some  power  of  the  specific  gravity. 

Suppose  it  is  desired  to  estimate  the  modulus  of  rupture  and  work  to 
maximum  load  of  a stick  of  timber  whose  specific  gravity  is  known  to  be 
25  per  cent  above  the  average.  Since  modulus  of  rupture  varies  as  the 
first  and  work  to  maximum  load  as  the  second  power  of  the  specific  gravity, 
it  is  probable  that  the  modulus  of  rupture  and  work  to  maximum  load  are, 
respectively,  about  125  and  156  per  cent  (1.56  = 1.25*)  of  the  average  values 
for  the  species. 
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TABLE  45. — Results  of  Tests  on  126  Species  of  Wood  Tested 

U.  S.  Department  of  Agriculture 
|Test  specimens  were  2 by  2 inches  (50.8  by  50.8  mm)  in  section.  Bending  specimens 


Num- 
ber of 
rings— 

O 

§ 

15 

T3 

.1 

a 

Specific 
gravity 
oven  dry 

(100° c. 

or  212° 
F.) 
based 
on— 

Weight 

(green). 

Shrinkage 
from  green 
to  oven  dry 
condition. 

Static  bending. 

Common  and  botanical  name 
and  locality  where  grown. 

W 

O 

•d 

I 

t-< 

U 

1 

3 

(O 

of  moisture  content  det 
(212°  F.). 

a 

0 

£ 

to 

g 

•a 

a 

© 

0 

a 

10 

g 

I 

© 

8& 
0 a 
«-  8 

W 

§ 

*55 

g 

l . 

0 © 

a “ 

© a 

0 5 

g 

3 

•o  . 

eg 
^ 0) 
g& 

W C 

S.| 

Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus  of 
elasticity. 

- 

0 

0) 

,0 

1 

[ Per  cm 

Per  in. 

<D 

bp 

*3 

u 

0 

<D 

to 

03 

a 

0 

0 

1-4 

u 

Ot 

43 

& 

© 

1 

> 

1 

4) 

a 

3 

1 

i 

*5) 

d 

£ 

§1 
3 w 

1 

a 

g* 

3 

■g 

So 
a w 

<p 

M 

a 

H 

a 

M 

d 

£ 

1 

d 

£ 

! 

£ 

d 

£ 

£ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

HARDWOODS. 

Alder,  red  (Alnus  oregona), 

6 

4.3 

11 

98 

0.37 

0. 43 

736 

46 

12.6 

4.4 

7.3 

267 

3,800 

457 

6,500 

82.3 

1, 170 

Washington. 

Ash,  biltmoren  (Fraxinus  bilt- 

5 

6.7 

17 

49 

42 

.51 

.58 

720 

45 

12.6 

4.2 

6.9 

387 

5, 500 

654 

9, 300 

94.2 

1,340 

moreana),  Tennessee. 

Ash,  black  (Fraxinus  nigra), 

15 

9.5 

24 

53 

83 

.46 

.53 

848 

53 

15.2 

5.0 

7.8 

183 

2,600 

422 

6, 000 

71.7 

1,020 

Michigan,  Wisconsin. 

Ash,  blue  (Fraxinus  quadran- 

5 

4.7 

12 

49 

39 

.53 

.60 

736 

46 

11.7 

3.9 

6.5 

401 

5, 700 

675 

9, 600 

87.2 

1, 240 

gulata),  Kentucky. 

Ash,  green  (Fraxinus  lanceo- 

10 

7.1 

18 

58 

48 

.52 

.61 

768 

48 

12.5 

4.6 

7.1 

372 

5, 300 

668 

9,500 

98.4 

1,400 

late),  Missouri,  Louisiana. 
Ash,  Oregon  (Fraxinus  ore- 

3 

4.7 

12 

63 

48 

.50 

.58 

736 

46 

13.2 

4.1 

8.1 

295 

4, 200 

534 

7,600 

79.4 

1,130 

gona),  Oregon. 

Ash,  pumpkin  (Fraxinus  pro- 

3 

8.3 

21 

46 

51 

.48 

.55 

736 

46 

12.0 

3.7 

6.3 

316 

4,500 

534 

7,600 

73.1 

1,040 

funda),  Missouri. 

Ash,  white  (forest  grown) 

10 

6.3 

16 

50 

43 

.52 

.60 

736 

46 

12.6 

4.2 

6.5 

344 

4,900 

640 

9, 100 

95.0 

1,350 

(Fraxinus  americana),  Ar- 
kansas, West  Virginia. 

Ash,  white  (second  growth) 

5 

3.5 

9 

63 

40 

.58 

.71 

817 

51 

14.0 

5.3 

8.7 

429 

6,100 

759 

10, 800 

115.4 

1,640 

(Fraxinus  americana).  New 
York. 

Aspen  (Populus  tremuloides), 

5 

3.1 

8 

107 

.36 

.42 

752 

47 

11.1 

3.3 

6.9 

204 

2,900 

372 

5,300 

59.0 

840 

Wisconsin. 

Aspen,  large-tooth  (Populus 

5 

3.1 

8 

96 

.35 

.41 

688 

43 

11.6 

3.1 

7.9 

225 

3, 200 

408 

5,800 

83.0 

1, 180 

grandidentata),  Wisconsin. 
Basswood  (Tilia  americana). 

8 

7.5 

19 

29 

103 

.33 

.40 

657 

41 

15.8 

6.6 

9.3 

190 

2,700 

351 

5,000 

72.4 

1, 030 

Pennsylvania,  Wisconsin. 
Beech  (Fagus  atropunicea), 

10 

7.5 

19 

30 

62 

.54 

.66 

880 

55 

16.2 

4.8 

10.6 

316 

4,500 

576 

8, 200 

87.2 

1, 240 

Indiana,  Pennsylvania. 

Birch,  paper  (Betula  papyrifera), 

5 

2.4 

6 

36 

72 

.47 

.60 

817 

51 

16.3 

6.6 

8.8 

204 

2,900 

408 

5, 800 

71.0 

1,010 

Wisconsin. 

Birch,  sweet  (Betula  lenta), 

5 

10.6 

27 

61 

.59 

.70 

945 

59 

15.0 

6.3 

7.6 

316 

4, 500 

605 

8,600 

104.6 

1,490 

Pennsylvania. 

Birch,  yellow  (Betula  lutea), 

10 

7.5 

19 

26 

68 

.54 

.66 

928 

58 

16.8 

7.4 

9.0 

323 

4, 600 

605 

8, 600 

108.2 

1,540 

Pennsylvania,  Wisconsin. 
Buckeye,  yellow  (Aesculus  oc- 

5 

5.9 

15 

141 

.33 

.38 

785 

49 

12.0 

3.5 

7.8 

183 

2,600 

337 

4, 800 

68.9 

980 

tandra),  Tennessee. 
Buckthorn,  cascara  (Rhamnus 

5 

6.7 

17 

61 

.50 

.55 

801 

50 

7.6 

3.2 

4.6 

239 

3,400 

443 

6,300 

44.3 

630 

purshiana),  Oregon. 

Butternut  (Juglans  cinerea), 

10 

3.5 

9 

104 

.36 

.40 

737 

46 

10.2 

3.3 

6.1 

204 

2,900 

380 

5, 400 

68.2 

970 

Tennessee,  Wisconsin. 
Cherry,  black  (Prunus  sero- 

5 

4.3 

11 

55 

.47 

.53 

737 

46 

11.5 

3.7 

7.1 

295 

4, 200 

562 

8,000 

92.1 

1,310 

tina),  Pennsylvania. 

Cherry,  wild  red  (Prunus  penn- 

5 

2.4 

6 

46 

.36 

.42 

528 

33 

12.8 

2.8 

10.3 

204 

2,900 

351 

5,000 

73.1 

1,040 

sylvanica),  Tennessee. 
Chestnut  (Castanea  dentata), 

10 

3.9 

10 

48 

122 

.40 

.46 

881 

55 

11.6 

3.4 

6.7 

218 

3,100 

394 

5,600 

65.4 

930 

Maryland,  Tennessee. 
Chinquapin,  western  (Casta- 

5 

5.9 

15 

134 

.42 

.48 

976 

61 

13.2 

4.6 

7.4 

295 

4,200 

492 

7,000 

71.7 

1,020 

nopsis  chrysophylla),  Oregon. 
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in  a Green  Condition  in  the  Form  of  Small,  Clear  Pieces, 

Bulletin  No.  556,  Sept.  15, 1917.1 

were  30  inches  (762  mm)  long;  others  were  shorter,  depending  on  the  kind  of  test.] 


Static  bending— 
Continued. 

Impact  bending. 

Compression  parallel 
to  grain. 

Compres- 
sion per- 
pendicu- 
lar to 

Shearing 

strength 

Ten- 

sile 

strength 

per- 

pen- 

dicular 

to 

grain. 

Hardness,  load 
required  to  em- 
bed a 1.13  cm 
(0.444  in.)  ball 
to  one -half  its 
diameter. 

Work  in  bending— 

Height 
of  drop 
causing 
complete 
iailure ; 
11.03  kg 
(50  lb.) 
ham- 
mer. 

I 

grain; 
fiber 
stress  at 

parallel 
to  the 
grain. 

To 

elastic 

limit. 

To 

maxi- 

mum 

load. 

Fiber 
stress  at 
elastic 
limit. 

in 

bend- 
ing to 
elastic 
limit. 

Fiber 
stress  af 
elastic 
limit. 

Maximum 

crushing 

strength. 

elastic 

limit. 

End. 

Side. 

a 

O 

I 

M 

X 

d 

£ 

1 

I 

brf) 

X 

£ 

£ 

a 

0 

3 

X 

d 

£ 

1 

? 

X 

4 

£ 

a 

s 

u 

d 

a 

ba 

X 

d 

£ 

1 

1 

X 

| 

I 

£ 

i 

i a 

! 

j X 

s 

£ 

a 

X 

4 

£ 

a 

bS 

4 

£ 

bfl 

X 

£ 

bi 

X 

£ 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

38 

37 

38 

39 

40 

41 

42 

43 

0.049 

0.70 

0. 56 

8.0 

562 

8, 000 

0.18 

2.6 

55.9 

22 

186 

2, 650 

208 

2,960 

i 

j 21.8 

310 

54.2 

770 

27.4 

390 

250 

550 

200 

440 

.092 

1.31 

.82 

11.6 

837 

11,900 

•H 

4.9 

76.2 

30 

250 

3, 560 

280 

3,980 

| 61.9 

880 

86.5 

1, 230 

38.0 

540 

431 

950 

386 

850 

.030 

.42 

.87 

12.4 

506 

7, 200j 

•is 

2.5 

81.3 

32 

114 

1,620 

161 

2,290 

30.2 

430 

61.2 

870 

34.4 

490 

263 

580 

250 

550 

.103 

1.47 

1.03 

14.7 

781 

11,  100 

•3s 

5.0 

109.2 

43 

249 

3, 540 

294 

4, 180 

! 69.6 

990 

108.3 

1, 540 

40.8 

580 

518 

1, 140 

468 

1,030 

.080 

1.14 

.83 

11.8 

802 

11, 400 

•35 

5. 0| 

86.4 

34 

250 

3, 560 

295 

4,  200 

64.  O' 

910 

88.6 

1,  260 

41.5 

590 

436 

960 

395 

870 

.065 

.92 

.86 

12.2 

626 

8,900 

.21 

3.0 

99.1 

39 

193 

2,740 

247 

3, 510 

45.7 

650 

83.7 

1,190 

34.4 

490 

386 

850 

359 

790 

.076 

1.08 

.66 

9.4 

619 

8, 800 

.26 

3.7 

78.8 

31 

199 

2, 830 

236 

3, 360 

69.6 

990 

85.1 

1, 210 

40.1 

570 

400 

880 

341 

750 

.072 

1.03 

.94 

13.4 

823 

11, 700 

1 

.35 

5.0 

91.5 

36 

227 

3, 230 

267 

3, 800 

56.2 

800 

88.6 

1, 260 

43.6 

620 

454 

1,000 

409 

900 

.091 

1.30 

1. 15 

16.3 

970 

13,800 

.41 

5.9 

119.4 

47 

268 

3,820 

324 

4,610 

| 55.5 

; 790 

112.5 

jl,  600 

55.5 

790 

518 

1, 140 

491 

1,080 

.046 

.65 

.48 

6.9 

485 

6,900 

.18 

2.5 

71.2 

28 

114 

1, 620 

152 

2, 160 

H, 

200 

43.6 

; 620 

12.7 

180 

123 

270 

145 

320 

.035 

.50 

.43 

6.1 

534 

7,600 

.19 

2.7 

45.7 

18 

150 

2,130 

191 

2,720 

! 19.0 

' 270 

57.0 

810 

27.4 

390 

200 

440 

168 

370 

.030 

.42 

.37 

5.2 

436 

6,200 

.14 

2.0 

43.2 

17 

120 

1,710 

155 

2,210 

; 14.8 

210 

42.9 

610 

19.7 

280 

127 

280 

114 

250 

.070 

.99 

.88 

12.5 

732 

10,400 

.30 

4.2 

101. 6 

i 40 

179 

2,550 

231 

3,280 

42.9 

610 

85.1 

11,210 

53.4 

;760 

431 

950 

372 

820 

.034 

.49 

1.05 

15.0 

548 

7,800 

.19 

2.7 

114.3 

1 45 

116 

1,650 

155 

2,210 

21.1 

: 300 

55.5 

790 

26.7! 

380 

182 

400 

222 

490 

.057 

.81 

1.10 

15.6 

668 

9,500 

.22 

3.1 

111.8 

44 

186 

2,650 

250 

3,560 

36.6 

520 

85.8 

1,220 

38.7 

550 

463 

1,020 

404 

890 

.056 

.80 

1.17 

16.6 

822 

11,700 

.32 

4.5 

101.6 

40 

' 194 

2,760 

243 

3,460 

31.6 

450 

78.0 

1,110 

33.7 

480 

372 

820 

336 

740 

.029 

.41 

.38 

5.4 

457 

6,500 

.15 

2.1 

45.7 

18 

115 

1,640 

144 

2,050 

14.8 

210 

46.4 

660 

22.5 

320 

164 

360 

132 

290 

.073 

1.04 

.94 

13.4 

612 

8,700 

.25 

3.6 

147.4 

58 

132 

1,880 

230 

3,270 

47.1 

670 

80.8 

1,150 

35.8 

510 

309 

680 

331 

730 

.037 

.52 

.58 

8.2 

513 

7,300 

.18 

2.5 

61.0 

24 

138 

1,960 

170 

2,420 

I 19. 0! 

270 

53.4 

760 

30.2  430 

186 

410 

177 

390 

.056 

.80 

.90 

12.8 

717 

10,200 

.29 

4.1 

83.9 

33 

207 

2,940 

249 

3,540 

30. 9 

440 

79.4 

1,130 

40.1 

570 

341 

750 

300 

660 

.033 

.47 

.44 

6.2 

464 

6,600 

.15 

2.  i 

55.8 

22 

129 

1,830 

153 

2,170 

18.3 

260 

47.8 

680 

21.1 

300 

200 

440 

177 

390 

.041 

.59 

.49 

7.0 

555 

7,900 

.20 

;2.8 

61.0 

24 

143 

2,040 

174 

2,470 

! 26.7 

380 

56.2 

800 

30.2 

430 

241 

530 

191 

420 

.077 

1.09 

.67 

1 

9.5 

619 

8,800 

.24 

1 

13.4 

1 

78.8 

31 

135 

1,920 

212 

3,020 

1 34.4, 

1 

490 

71.0 

1,010 

1 

33.7 

480 

331 

730 

272 

600 

174 
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TABLE  45. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Common  and  botanical  name 
and  locality  where  grown. 

[ Plumber  of  trees. 

Num- 
ber of 
rings— 

| Percentage  of  summer  wood. 

1 Percentage  of  moisture  content  determined  at  100°  C.  | 

(212°  F.). 

Specific 
gravity 
oven  dry 
(100°  C. 
or  212° 
F.) 
based 
on — 

Weight 

(green). 

Shrinkage 
from  green 
to  oven  dry 
condition. 

Static  bending. 

a 

CJ 

CU 

Per  in. 

| Volume  when  green. 

Volume  when  oven  dry. 

I 

ba 

X 

d 

d 

In  volume  (per  cent  of  dimen- 

sions when  green). 

1 Radial  (per  cent  of  dimensions 

when  green). 

1 Tangential  (per  cent  of  dimen - 

! sions  when  green). 

Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus  of 
elasticity. 

a 

bO 

X 

d 

a 

bC 

X 

lb./in. 

a 

u 

bO 

X 

•2 

i 

d 

d 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

HARDW  OODS — Continued. 

Cottonwood  (Populus  deltoides), 

5 

2.4 

6 

111 

0.37 

0. 43 

784 

49 

14.1 

3. 9 

9.2 

204 

2,900 

373 

5,300 

71.0 

1,010 

Missouri. 

Cottonwood,  black  (Populus 

5 

2.4 

6 

132 

.32 

.37 

737 

46 

12.4 

3.6 

8.6 

204 

2,900 

338 

4,800 

75.2 

1,070 

trichocarpa),  Washington. 

Cucumber  tree  (Magnolia  acu- 

5 

5.5 

14 

80 

.44 

.52 

800 

50 

13.6 

5.2 

8.8 

295 

4,200 

520 

7,400 

110.0 

1,560 

minata),  Tennessee. 

Dogwood,  flowering  (Comus 

5 

9.5 

24 

62 

.64 

.80 

1,040 

65 

19.9 

7.1 

11.3 

338 

4,800 

619 

8,800 

82.9 

1,180 

florida),  Tennessee. 

Dogwood,  western  (Comus 

5 

8.3 

21 

52 

.58 

.70 

880 

55 

17.2 

6.4 

9.6 

295 

4,200 

577 

8,200 

76.6 

1,090 

nuttallii),  Oregon. 

Elder,  pale  (Sambucus  glauca), 

5 

2.4 

6 

124 

.46 

.57 

1,040 

65 

15.6 

4.4 

9.0 

239 

3,400 

464 

6,600 

63.2 

900 

Oregon. 

Elm,  cork  (Ulmus  racemosa), 

10 

1.1 

28 

50 

50 

.58 

.66 

865 

54 

14.1 

4.8 

8.1 

323 

4,600 

668 

9,500 

83.6 

1,190 

Wisconsin. 

Elm,  slippery  (Ulmus,  pubes- 

6 

6.3 

16 

54 

85 

.48 

.56 

897 

56 

13.8 

4.9 

8.9 

281 

4,000 

562 

8,000 

86.5 

1,230 

cens),  Indiana,  Wisconsin. 

Elm,  white  (Ulmus  americana), 

6 

7.1 

18 

31 

88 

.44 

.54 

832 

52 

14.4 

4.2 

9.5 

253 

3,600 

485 

6,900 

72.4 

1,030 

Wisconsin,  Pennsylvania. 

Gum,  black  (Nyssa  sylvatica), 

5 

10.6 

27 

55 

.46 

.55 

720 

45 

13.9 

4.4 

7.7 

281 

4,000 

492 

7,000 

72.4 

1,030 

Tennessee. 

Gum,  blue  (Eucalyptus  globu- 

5 

79 

.62 

.80 

1,120 

70 

22.5 

7.6 

15.3 

534 

7,600 

717 

11,200 

141.0 

2,010 

lus),  California. 

Gum,  cotton  (Nyssa  aquatica). 

6 

3.9 

10 

26 

97 

.46 

.52 

897 

56 

12.5 

4.2 

7.6 

295 

4,200 

513 

7,300 

73.8 

1,050 

Louisiana. 

Gum,  red  (Liquidambar  styra- 

10 

6.3 

16 

81 

.44 

.53 

800 

50 

15.0 

5.2 

9.9 

260 

3,700 

478 

6,800 

80.8 

1, 150 

ciflua),  Missouri. 

Hackberry  (Celtis  occidentalism, 

6 

4.7 

12 

56 

65 

.48 

,56 

800 

50 

13.8 

4.8 

8.9 

204 

2,900 

457 

6,500 

66.8 

950 

Indiana,  Wisconsin. 

Haw,  pear  (Crataegus  tomen- 

2 

4.3 

11 

63 

.62 

1,010 

63 

274 

3,900 

534 

7,600 

67.5 

960 

tosa),  Wisconsin. 

Hickory,  big  shellbark  (Hicoria 

19 

7.5 

19 

65 

61 

.62 

1,010 

63 

19.2 

7.6 

12.6 

394 

5,600 

738 

10,500 

94.2 

1,340 

laciniosa),  Mississippi,  Ohio. 

Hickory,  bittemut  (Hicoria 

11 

4.3 

11 

70 

66 

.60 

1,010 

63 

387 

5,500 

724 

10,300 

98.4 

1,400 

minima),  Ohio. 

Hickory,  mockemut  (Hicoria 

20 

7.1 

18 

63 

59 

.64 

1,025 

64 

17.9 

7.8 

11.0 

443 

6,300 

780 

11, 100 

110.4 

1, 570 

alba),  West  Virginia,  Missis- 

sippi, Pennsylvania. 

Hickory,  nutmeg  (Hicoria  my- 

5 

8.7 

22 

59 

74 

.56 

977 

61 

344 

4,900 

640 

9, 100 

90.7 

1,290 

risticaeformis),  Mississippi. 

Hickory,  pecan  (Hicoria  pecan), 

5 

4.7 

12 

63 

63 

.60 

.69 

977 

61 

13.6 

4.9 

8.9 

366 

5, 200 

689 

9, 800 

96.3 

1,370 

Missouri. 

Hickory,  pignut  (Hicoria  glabra), 

60 

7.9 

20 

65 

54 

.66 

— 

1,025 

64 

17.9 

7.2 

11.5 

436 

6,200 

822 

11, 700 

116.0 

1,650 

Ohio,  Mississippi,  Pensylva- 

nia.  West  Virginia. 

Hickory,  shagbark  (Hicoria 

24 

7.5 

19 

66 

60 

.64 

1,025 

64 

16.7 

7.0 

10.5 

415 

5,900 

774 

11,000 

110.0 

1,570 

ovata),  Ohio,  Mississippi, 

Pennsylvania,  West  Virginia. 

Hickory,  water  (Hicoria  a(juat- 

2 

5.9 

15 

67 

80 

. 61 

1,104 

69 

422 

6,000 

752 

10,700 

119.6 

1, 560 

ica),  Mississippi. 

Holly,  American  (Ilex  opaca), 

5 

10.6 

27 

82 

.50 

.61 

913 

57 

16.2 

4.5 

9.5 

239 

3,400 

457 

6,500 

63.3 

900 

Tennessee. 

Hornbeam  (Ostrya  virginiana), 

5 11.4 

29 

52 

.63 

.76 

962 

60 

18.6 

8.2 

9.6 

316 

4, 500 

597 

8, 500 

80.8 

1, 150 

Wisconsin. 

1 
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Static  bending— 
Continued. 

Impact  bending. 

Compression  parallel 
to  grain. 

Compres- 
sion per- 
pendicu- 
lar to 
grain; 
fiber 
stress  at 
elastic 
limit. 

Shearing 
strength 
parallel 
to  the 
grain. 

Ten- 

sile 

strength 

per- 

pen- 

dicular 

to 

grain. 

Hardness,  load 
required  to  em- 
bed a 1.13  cm 
(0.444  in.)  ball 
to  one -half  its 
diameter. 

Work  in  bending— 

Fiber 
stress  at 
elastic 
limit. 

Work 

in 

bend- 
ing to 
elastic 
limit. 

Height 
oi  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
ham- 
mer. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

To 

elastic 

limit. 

To 

maxi- 

mum 

load. 

» 

| 

B 

g 

c 

a 

£ 

t 

£ 

S' 

£ 

a 

4 

¥ 

£ 

a 

0 

a 

a 

£ 

a 

£ 

! 

£ 

a 

0 

4 

3) 

M 

a 

bo 

£ 

"3 

X 

£ 

b C 

a 

a 

w 

B 

”bfi 

£ 

b0 

X 

£ 

X 

£ 

*5 

£ 

X 

£ 

bfi 

£ 

b£ 

X 

£ 

20 

21 

22 

23 

24 

25 

26 

2; 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

3S 

39 

40 

41 

42 

43 

0.034 

0.49 

0.51 

7.3 

506 

7,200 

0. 16 

2.3 

53.4 

21 

124 

1,770 

160 

2,280 

| 16.9 

240 

47.8 

680 

28.8 

410 

173 

380 

154 

340 

.031 

.44 

.35 

5.0 

478 

6,800 

.15 

2.2 

50.8 

20 

124 

1,770 

152 

2,160 

14.1 

200 

42.2 

600 

19.0 

270 

127 

280 

114 

250 

.046 

.66 

.70 

10.0 

654 

9,300 

.20 

2.9 

76.2 

30 

194 

2,760 

221 

3, 140 

28.8 

410 

69.6 

990 

30.9 

440 

272 

600 

236 

520 

.078 

1. 11 

1.48 

21.0 

499 

7,100 

.25 

3.5 

147.4! 

58 

256 

3,640 

72.4 

1,030 

106.8 

1,520 

640 

1,410 

640 

1,410 

.065 

.92 

1.19 

17.0 

689 

9,800 

.25 

3.6 

142.3 

1 

56 

160 

2,280 

256 

3,640 

61.2 

870 

91.4 

1,300 

52.0 

740 

518 

1,140 

445 

980 

.051 

.72 

.62 

8.8 

562 

8,000 

.20 

2.9 

96.6 

38 

172 

2,450 

214 

3,040 

36.5 

520 

76.6 

1,090 

39.4 

560 

345 

760 

327 

720 

.084 

1.20 

1.39 

19.81 

773 

11,000 

.29 

4.1 

127.0 

50 

202 

2,870 

266 

3,780 

52.7 

750 

89.3 

1,270 

46.4 

660 

445 

980 

449 

990 

.058 

.82 

1.08 

15. 4 

647 

9,200 

.24 

3.4 

119.4 

47 

200 

2,840 

233 

3,320 

35.8 

510 

78.1 

1.110 

45. 7 

650 

340 

750 

300 

660 

.058 

.83 

.77 

11.0 

570 

8,100 

.20 

2.9 

86.4 

| 34 

161 

2,290 

202 

2,880 

27.4 

390 

64.7 

920 

39.4 

560 

277 

610 

250 

550 

.064 

.91 

.56 

8.0 

689 

9,800 

.28 

4.0 

76.2 

30 

172 

2,440 

j 214 

3,040 

42.2 

600 

77.4 

1,100 

40.1 

570 

359 

790 

291 

640 

.116 

1.65 

.98 

13.9 

998 

14,200 

.33 

4.7 

101.6 

40 

342 

4,870 

| 369 

5,250 

71.7 

1,020 

109.0 

1,550 

45.0 

640 

595 

1,310 

608 

1,340 

.069 

.98 

.58 

8.3 

632 

9,000 

.23 

3.3 

76.2 

30 

194 

2,760 

237 

3,370 

41.5 

590 

83.7 

1,190 

42.2 

fiOO 

363 

800 

322 

710 

.057 

.81 

.66 

9.4 

703 

10,000 

.27 

3.9 

83.9 

33 

166 

2,360 

200 

! 2,840 

32.3 

460 

75.2 

1,070 

35.8 

510 

286 

630 

236 

520 

.041 

.58 

1.20 

14.5 

556 

7,900 

.22 

3.1 

122.0 

! 48 

145 

2,060 

186 

2,650 

34.4 

490 

75.2 

1,070 

44.3 

630 

345 

760 

313 

690 

.063 

.89 

1.60 

22.7 

219 

3,110 

68.9 

980 

95.6 

1,360 

554 

1,220 

545 

1,200 

.096 

1.36 

2. 10 

29.9 

998 

14, 200 

.49 

7.0 

264.1 

... 

104 

193 

2,740 

276 

3,920 

70.3 

1,000 

83.7 

1,190 

.086 

1.22 

1.41 

20.0 

1, 116 

15, 900 

j .60 

8.5 

167.6 

66 

304 

4,330 

321 

4,570 

69.6 

990 

87.2 

1,240 

.097 

1. 38 

1.83 

26. 1 

1 062 

15  100 

47 

.47 

6 7 

223.5 

88 

274 

3.900 

315 

4 480 

70.3 

1, 000 

90.0 

1, 280 

. 075 

1.06 

1 fin 

7?  Q 

900 

12  800 

431 

L 

137. 2 

54 

255 

3 620 

280 

3 980 

66.1 

940 

72.4 

1,030 

.083 

1.18 

1.0314.6 

865 

12, 300 

.35 

5.0 

134.6 

53 

214 

3, 040 

280 

3,990 

67.5 

960 

104.0 

1,480 

47.8 

680 

577 

1, 270 

595 

1,310 

. 094 

1.34 

ki  7 

1 188 

16  900 

. 62 

8.8 

226.0 

89 

278 

3, 950 

338 

4. 810 

80.2 

1, 140 

96.3 

1, 370 

! 

. 090 

1. 28 

1 n 

1 012 

14  400 

. 45 

6. 4 

187.9 

74 

241 

3 430 

322 

4 580 

70.3 

1,000 

92.8 

li  320 

. 091 

1. 29 

1. 32 

18. 8 

963 

13  700 

. 43 

6. 1 

142. 4 

56 

228 

3 240 

328 

4 660 

76.7 

1 090 

101.2 

1, 440 

*J 

■ 

.051 

.72 

.76 

10.8 

627 

8,900 

.31 

4.4 

129.5 

51 

139 

1,970 

186 

2,640 

42.9 

610 

79.5 

jl,  130 

42.9 

610 

391 

| 860 

359 

790 

.072 

1.02 

.93 

13.3 

745 

10, 600 

.25 

3.5 

185.4 

73 

184 

2,  620 

251 

3, 570 

51.3 

730 

96.3 

'l,370 

! 

31.6 

450 

527 

1, 160 

532 

1, 170 
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TABLE  45. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Num- 
ber of 
rings— 

6 

8 

« 

■o 

4> 

.9 

a 

tH 

a> 

Specific 
gravity 
oven  dry 
(100°  C. 
or  212° 
F.) 
based 
on — 

Weight 

(green). 

Shrinkage 
from  green 
to  oven  dry 
condition. 

Static  bending. 

1 

Common  and  botanical  name 
and  locality  where  grown. 

CO 

<D 

0) 

0 

0 
* 

<D 

a 

1 

w 

0 

of  moisture  content  det 
(212°  F.). 

a 

CD 

O) 

u 

W> 
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<D 

§ 
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© 
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.2 
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u*3 

§ 

1 
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#) 
S M 
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Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus  of 
elasticity. 

0 

<3 

1 

3 

a 

Per  cm 

& 

* 

ft 

0> 

5f 

1 

0 

Vh 

<D 

ft 

4> 

| 

§ 

O 

M 

a> 

ft 

t 

© 
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0 
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© 
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> 

a 
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M 

xj 

© a 
BA 

’o 

> 

a 

0)  ^ 
»4 

1 

S 

- a 

Si 

a “ 

'D 

bC 

$ 

a 

.0 

~b0 

a 

a 

a 

0 

to 

X 

S 

a 

a 

1-5) 

X 
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a 

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

HARDWOODS — Continued. 

Laurel,  California  (Umbellu- 

5 

2.4 

6 

70 

0.51 

0.59 

880 

55 

11.9 

2.8 

8.1 

274 

3,900 

464 

6, 600 

50.6 

720 

laria  californica),  Oregon. 
Laurel,  mountain  (Kalmia  lati- 

5 

9.5 

24 

62 

.62 

.74 

992 

62 

14.4 

5.6 

8.8 

408 

5, 800 

591 

8, 400 

64.7 

920 

folia),  Tennessee. 

Locust,  black  (Robinia  pseuda- 

3 

4.3 

11 

51 

40 

.66 

.71 

928 

58 

9.8 

4.4 

6.9 

619 

8, 800 

970 

13, 800 

130.0 

1,850 

cacia),  Tennessee. 

Locust,  honey  (Gleditsia  tri- 

6 

3.5 

9 

45 

63 

.60 

.67 

976 

61 

10.8 

4.2 

6.6 

394 

5,600 

717 

10, 200 

90.7 

1, 290 

acanthos),  Missouri, Indiana. 
Madrona  (Arbutus  menziesii), 

6 

3.9 

10 

68 

.57 

.69 

962 

60 

17.4 

5.4 

11.9 

330 

4,700 

534 

7, 600 

61.9 

880 

California,  Oregon. 

Magnolia,  evergreen  (Magnolia 

2 

5.9 

15 

117 

.46 

.53 

992 

62 

12.3 

5.4 

6.6 

259 

3,600 

478 

6,800 

78.1 

1,110 

foetida),  Louisiana. 

Maple,  Oregon  (Acer  macro- 

5 

4.7 

12 

72 

.44 

.51 

752 

47 

11.6 

3.7 

7.1 

309 

4, 400 

520 

7, 400 

77.4 

1, 100 

phyllum),  Washington. 

Maple,  red  (Acer  rubrum), 

9 

6.3 

16 

24 

70 

.48 

.54 

816 

51 

12.5 

3.8 

8.1 

288 

4, 100 

548 

7, 800 

99.8 

1,420 

Pennsylvania,  Wisconsin. 
Maple,  silver  (Acer  saccha- 

5 

2.8 

7 

66 

.44 

.51 

736 

46 

12.0 

3.0 

7.2 

218 

3, 100 

408 

5,800 

66.1 

940 

rinum),  Wisconsin. 

Maple,  sugar  (Acer  saccharum), 

17 

8.3 

21 

49 

60 

.56 

.66 

897 

56 

14.5 

4.8 

9.2 

351 

5,000 

640 

9, 100 

104.2 

1,480 

Indiana,  Pennsylvania,  Wis- 
consin. 

Oak,  bur  (Quercus  macro- 

5 

4.7 

12 

59 

70 

.58 

.67 

977 

61 

12.7 

4.4 

8.8 

253 

3,600 

506 

7, 200 

61.9 

880 

carpa),  Wisconsin. 

Oak,  California  black  (Quercus 

10 

6.3 

16 

52 

106 

.51 

.58 

1, 058 

66 

12.1 

3.6 

6.6 

239 

3,400 

436 

6,200 

52.0 

740 

californica),  California,  Ore- 
gon. 

Oak,  canyon  live  (Quercus 

3 

5.1 

13 

62 

.70 

.84 

1,138 

71 

16.2 

8.0 

14.3 

443 

6,300 

745 

10,600 

94.2 

1,340 

chrysolepsis),  California. 

Oak,  chestnut  (Quercus  prinus), 

5 

9.1 

23 

50 

72 

.57 

.67 

992 

62 

16.7 

5.5 

9.7 

323 

4,600 

563 

8,000 

96.3 

1,370 

Tennessee. 

Oak,  cow  (Quercus  michauxii), 

4 

4.7 

12 

58 

76 

.60 

.76 

1,040 

65 

19.4 

5.9 

9.2 

337 

4,800 

598 

8,500 

95.0 

1,350 

Louisiana. 

Oak,  laurel  (Quercus  lauri- 

5 

4.3 

11 

61 

84 

.56 

.70 

1,025 

64 

19.0 

3.9 

9.5 

316 

4,500 

550 

7,900 

97.8 

1,390 

folia),  Louisiana. 

Oak,  Pacific  post  (Quercus 

10 

6.3 

16 

49 

72 

.64 

.75 

1,105 

69 

13.4 

4.2 

9.0 

323 

4,600 

541 

7,700 

55.5 

790 

garryana),  Oregon. 

Oak,  post  (Quercus  minor). 

10 

10.2 

26 

54 

69 

.60 

.74 

1,010 

63 

16.2 

5.4 

9.8 

351 

5,000 

570 

8,100 

76.6 

1,090 

Arkansas,  Louisiana. 

Oak,  red  (Quercus  rubra), 

21 

4.3 

11 

62 

84 

.56 

.65 

1,025 

64 

14.2 

3.9 

8.3 

260 

3,700 

541 

7,700 

90.7 

1,290 

Arkansas,  Louisiana,  Indiana, 
Tennessee. 

Oak,  Spanish  (highland)  (Quer- 

4 

7.9 

20 

46 

90 

.52 

.62 

992 

62 

16.3 

4.5 

8.7 

395 

4,200 

485 

6,900 

80.2 

1,140 

cus  digitata),  Louisiana. 

Oak,  Spanish  (lowland)  (Quer- 

3 

2.8 

7 

63 

78 

.61 

.71 

1,072 

67 

16.4 

5.2 

10.8 

457 

6,500 

760 

10,800 

126.0 

1,790 

cus  pagodaefolia),  Louisiana. 
Oak,  water  (Quercus  minor), 

5 

3.9 

10 

61 

81 

.56 

.68 

1,008 

63 

16.4 

4.2 

9.3 

394 

5,600 

626 

8,900 

109.0 

1,550 

Louisiana. 

Oak,  white  (Quercus  alba). 

20 

6.7 

17 

60 

68 

.60 

.71 

992 

62 

15.8 

5.3 

9.0 

330 

4,700 

584 

8,300 

87.9 

1,250 

Arkansas,  Louisiana,  Indiana. 
Oak,  willow  (Quercus  phellos), 

2 

5.5 

14 

56 

94 

.56 

.69 

1,072 

67 

18.9 

5.0 

9.6 

309 

4,400 

520 

7,400 

90.7 

1,290 

Louisiana. 
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a Green  Condition  in  the  Form  of  Small,  Clear  Pieces — Continued. 


Static  bending — 
Continued. 

Impact  bending. 

Compression  parallel 
to  grain. 

Compres- 
sion per- 
pendicu- 
lar to 
grain; 
fiber 
stress  at 
elastic 
limit. 

Shearing 
strength 
parallel 
to  the 
grain. 

Ten- 

sile 

strength 

per- 

pen- 

dicular 

to 

grain. 

Hardness,  load 
required  to  em- 
bed a 1.13  cm 
(0.444  in.)  ball 
to  one-half  its 
diameter. 

Work  in  be 

To 

elastic 

limit. 

nding — 

To 

maxi- 

mum 

load. 

Fiber 
stress  at 
elastic 
limit. 

Work 

in 

bend- 
ing to 
elastic 
limit. 

Height 
of  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
ham- 
mer. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

kgcm/cm8 

£ 

a 

kgcm/cm8 

i 

£ 

a 

1 

"3 

a 

£ 

a 

0 

? 

s 

4 

£ 

6 

B 

0 

i 

1 

0 

"Ss 

4 

£ 

a 

0 

M 

I 

£ 

a 

0 

a 

£ 

1 

M 

3 

£ 

a 

M 

a 

£ 

X 

£ 

bfl 

X 

£ 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 

32 

33 

84 

35 

36 

« 

38 

39 

40 

41 

42 

43 

0.086 

1.23 

1.18 

16.8 

584 

8, 300 

0.  29 

4.1 

144.8 

57 

138 

1,960 

212 

3, 020 

56.2 

800 

89.3 

1, 270 

54.8 

780 

463 

1, 020 

454 

1,000 

. 143 

2. 03 

. 88 

12.5 

717 

10,  200 

.37 

5.2 

81.3 

32 

303 

4,310 

78. 1 

1, 110 

117.4 

1, 670 

636 

1, 400 

590 

1, 300 

.166 

2.36 

1.08 

15.4 

1,290 

18,300 

.56 

7.9 

111.8 

44 

442 

6,280 

478 

6,800 

100.5 

1,430 

123.6 

1,760 

54.2 

770 

745 

1,640 

713 

1,570 

.098 

1.40 

.89 

12.6 

830 

11,800 

.32 

4.6 

119.4 

47 

233 

3,320 

331 

4,420 

99.8 

1,420 

116.6 

1,660 

65.4 

930 

654 

1,440 

632 

1,390 

.100 

1.43 

.79 

11.2 

717 

10,200 

.33 

4.7 

101.6 

40 

165 

2,340 

233 

3,320 

54.8 

780 

99.8 

1,420 

54.2 

770 

509 

1,120 

427 

940 

.047 

.67 

1.08 

15.4 

618 

8,800 

.22 

3.2 

137.2 

54 

155 

2,200 

190 

2,700 

40.1 

570 

73.1 

1,040 

42.9 

610 

354 

780 

336 

740 

.072 

1.02 

.61 

8.7 

597 

8,500 

.20 

2.8 

58.5 

23 

167 

2,380 

228 

3,240 

38.6 

550 

78.1 

1,110 

42.2 

600 

345 

760 

281 

620 

.042 

.60 

.75 

10.6 

696 

9,900 

.26 

3.7 

76.2 

30 

176 

2,500 

235 

3,350 

36.5 

520 

75.9 

1,080 

40.8 

580 

336 

740 

272 

600 

.043 

.61 

.77 

11.0 

478 

6,800 

.18 

2.6 

73.7 

29 

137 

1,950 

175 

2,490 

32.3 

460 

73.8 

1,050 

39.4 

560 

304 

670 

268 

590 

.076 

1.08 

.84 

11.9 

851 

12,100 

.35 

5.0 

91.5 

36 

219 

3,120 

271 

3,860 

52.7 

750 

97.0 

1,380 

54.2 

770 

454 

1,000 

413 

910 

.063 

.89 

.75 

10.7 

703 

10,000 

.33 

4.7 

111.8 

44 

162 

2,310 

231 

3,290 

59.1 

840 

94.9 

1,350 

56.2 

800 

527 

1,160 

504 

1,110 

.072 

1.03 

.62 

8.8 

576 

8,200 

.24 

3.4 

76.2 

30 

132 

1,880 

197 

2,800 

! 62.6 

890 

80.2 

1,140 

49.2 

700 

413 

910 

386 

850 

.170 

1.70 

1.01 

14.4 

788 

11, 200 

.27 

3.9 

119.4 

47 

285 

4, 050 

330 

4,690 

104.0 

1,480 

119.6 

1, 700 

68.2 

970 

722 

1, 590 

713 

1, 570 

.063 

.90 

.66 

9.4 

844 

12,000 

.32 

4.6 

88.9 

35 

203 

2,890 

247 

3,520 

46.4 

660 

85.1 

1,  210 

48.5 

690 

440 

970 

404 

890 

.070 

1.00 

A 

12.8 

731 

10, 400 

.22 

3.2 

114.3 

45 

215 

3, 060 

249 

3, 540 

50.0 

710 

88.6 

1, 260 

47.1 

670 

500 

1, 100 

504 

1, 110 

.060 

.86 

.79 

11.2 

731 

10, 400 

.24 

3.4 

99.1 

39 

192 

2, 730 

223 

3, 170 

50.0 

710 

83.0 

1,180 

54.2 

770 

463 

1,020 

454 

1,000 

.106 

1.51 

.96 

13.7 

724 

10,300 

.34 

4.8 

124.5 

49 

176 

2,510 

251 

3, 570 

97.1 

1, 380 

114.5 

1,630 

66.1 

940 

649 

1,430 

631 

1,390 

.092 

1.31 

.77 

11.0 

766 

10,900 

.29 

4.1 

111.7 

44 

200 

2, 840 

245 

3, 480 

74.6 

1,060 

90.0 

1,280 

55.5 

790 

527 

1, 160 

513 

1,130 

.046 

.65 

.81 

11.5 

731 

10, 400 

.27 

3.9 

104.2 

41 

164 

2, 330 

225 

3, 200 

51.3 

730 

78.8 

1,120 

52.0 

740 

463 

1,020 

431 

950 

.065 

.93 

.56 

8.0 

640 

9, 100 

.22 

3.1 

73.7 

29 

153 

2, 180 

213 

3, 030 

47.8 

680 

65.4 

930 

33.7 

480 

413 

910  391 

860 

.093 

1.32 

1.03 

14.7 

865 

12, 300 

.27 

3.8 

137.2 

54 

264 

3,760 

325 

4, 620 

66.1 

940 

92.8 

1,320 

56.2 

800 

577 

1,270  563 

1,240 

.080 

1.14 

.78 

11.1 

816 

11,600 

.27 

3.8 

99.1 

39 

225 

3, 200 

263 

3,740 

54.2 

770 

87.2 

1,240 

57.6 

820 

477 

1, 050  459 

1,010 

.076 

1.08 

.81 

11.5 

752 

10,700 

.30 

4.2 

106.6 

42 

210 

2,990 

250 

3,560 

58.4 

830 

87.9 

1,250 

54.2 

770 

509 

1,120  481 

1,060 

.062 

.88 

.62 

8.8 

647 

9,200 

.20 

2.9 

88.9 

35 

174 

2,480 

211 

3,000 

52.7 

750 

83.0 

1,180 

53.4 

760 

463 

1,0201445 

980 
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TABLE  45. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Common  and  botanical  name 
and  locality  where  grown. 

| Number  of  troes. 

Num- 
ber of 
rings— 

| Percentage  of  summer  wood. 

Percentage  of  moisture  content  determined  at  100°  C. 
(212°  F.). 

Specific 
gravity 
oven  dry 
(100°  C. 
or  212° 
F.) 
based 
on — 

Weight 

(green). 

Shrinkage 
from  green 
to  oven  dry 
condition. 

Static  bending. 

Per  cm 

| Per  in. 

| Volume  when  green. 

Volume  when  oven  dry. 

X 

£5 

In  volume  (per  cent  of  dimen- 

sions when  green). 

j Radial  (per  cent  of  dimensions 

when  green). 

j Tangential  (per  cent  of  dimen- 

sions when  green). 

Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus  of 
elasticity. 

! 

b0 

X 

lb./in. 

1 

bC 

X 

JR 

£2 

| 

£ 

•O 

£3 

1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

HARD  W OODS — Continued. 

Oak,  yellow  (Quercus  velutina), 

8 

5.9 

15 

71 

78 

0. 56 

.67 

1,008 

63 

14.2 

4.5 

9.7 

323 

4,600 

576 

8,200 

83.0 

1,180 

Arkansas,  Wisconsin. 

Persimmon  (Diospyros  virgini- 

5 

5.5 

14 

58 

.64 

.78 

1,008 

63 

18.3 

7.5 

10.8 

394 

5,600 

703 

10,000 

96.3 

1,370 

ana),  Missouri. 

Poplar,  yellow  (Liriodendron 

5 

5.5 

14 

64 

.37 

.42 

608 

38 

11.4 

4.1 

6.9 

225 

3,200 

394 

5,600 

85. 1 

1,210 

tulipifera),  Tennessee. 

Rhododendron,  great  (Rhodo- 

5 

11.0 

28 

99 

.50 

.60 

992 

62 

16.2 

6.3 

8.7 

323 

4,600 

485 

6,900 

61.2 

870 

dendron  maximum),  Tennes- 

see. 

Sassafras  (Sassafras  sassafras), 

5 

7.5 

19 

48 

67 

.42 

.47 

704 

44 

10.3 

4.0 

6.2 

253 

3,600 

422 

6,000 

64.0 

910 

Tennessee. 

Serviceberry  (Amelanchier  can- 

5 

7.5 

19 

48 

.66 

.79 

977 

61 

18.7 

6.7 

10.8 

394 

5,600 

675 

9,600 

115.3 

1,640 

adensis),  Tennessee. 

Silverbell-tree  (Mohrodendrum 

5 

7.9 

20 

70 

.42 

.48 

704 

44 

12.6 

3.8 

7.6 

246 

3,500 

457 

6,500 

81.6 

1,160 

carolinum),  Tennessee. 

Sourwood  (Oxydendrum  arbor- 

5 

9.4 

24 

69 

.50 

.59 

848 

53 

15.2 

6.3 

8.9 

309 

4,400 

542 

7,700 

92.8 

1,320 

eum),  Tennessee. 

Sumac,  staghorn  (Rhus  hirta), 

5 

3.5 

9 

61 

45 

.45 

656 

41 

211 

3,000 

408 

5,800 

57.0 

810 

Wisconsin. 

Sugarberry  (Celtis  mississippi- 

5 

6.7 

17 

38 

62 

.47 

.54 

768 

48 

12.7 

5.0 

7.3 

225 

3,200 

464 

6,600 

57.0 

810 

ensis),  Missouri. 

Sycamore  (Platanus  occiden- 

10 

6.3 

16 

77 

83 

.46 

.54 

832 

52 

14.2 

5.1 

7.6 

232 

3,300 

457 

6,500 

74.6 

1,060 

talis),  Indiana,  Tennessee. 

Umbrella,  Fraser  (Magnolia 

5 

5.9 

15 



89 

.40 

.48 

753 

47 

13.0 

4.4 

7.5 

239 

3,400 

429 

6,100 

83.7 

1,190 

fraseri),  Tennessee. 

Walnut,  black  (Juglans  nigra), 

5 

4.7 

12 

81 

.51 

.56 

928 

58 

11.3 

5.2 

7.1 

380 

5,400 

668 

9,500 

99.8 

1,420 

Kentucky. 

Willow,  black  (Salix  nigra), 

10 

2.0 

5 

138 

.34 

.41 

800 

50 

13.8 

2.6 

7.8 

127 

1,800 

267 

3,800 

39.4 

560 

Wisconsin,  Missouri. 

t 

Willow,  western  black  (Salix 

5 

2.0 

5 

105 

.39 

.47 

800 

50 

13.8 

2.9 

9.0 

218 

3,100 

394; 

5, 600 

71.7 

1,020 

lasiandra),  Oregon. 

Witch-hazel  (Hamamelis  vir- 

5 

5.5 

14 

70 

.56 

.71 

944 

59 

18.8 

351 

5,000 

584 

8,300 

78.1 

1,110 

gin  iana),  Tennessee. 

CONIFERS. 

Cedar,  incense  (Libocedrus  de- 

8 

6.3 

16 

30 

108 

. 35 

.36 

720 

45 

7.6 

3.3 

5.7 

274 

3,900 

436 

6,200 

59.1 

840 

currens),  California,  Oregon. 

Cedar,  Port  Orford  (Chamae- 

5 

9.5 

24 

25 

52 

.41 

.47 

624 

39 

10.7 

5.2 

8.1 

274 

3,900 

478 

6,800 

105.4 

1,500 

cyparis  lawsoniana),  Oregon. 

Cedar,  western  red  (Thuja 

10 

7.9 

20 

36 

39 

.31 

.34 

432 

27 

8.1 

2.5 

5.1 

232 

3,300 

366 

5,200 

66.8 

950 

plicata),  Washington,  Mon- 

tana. 

Cedar,  white  (Thuja  occiden- 

5 

9.1 

23 

36 

55 

.29 

.32 

448 

28 

7.0 

2.1 

4.9 

183 

2,600 

295 

4,200 

32.3 

460 

tal^),  Wisconsin. 

Cypress,  bald  (Taxodium  dis- 

10 

6.3 

16 

31 

87 

.41 

.47 

768 

48 

10.7 

3.8 

6.  C 

281 

4,000 

478 

6,800 

83.7 

1,190 

tichum),  Louisiana,  Missouri. 

Cypress,  yellow  (Chamaescy- 

5 

12.2 

31 

40 

.40 

.44 

560 

35 

7.9 

1.9 

5.0 

253 

3,600 

436 

6,200 

67.5 

960 

paris  nootkatensis),  Oregon. 

Douglas  fir  (Pseudotsuga  taxi- 

18 

5.1 

13 

35 

36 

.45 

.52 

60S 

38 

12.6 

5.0 

7.9 

351 

5,000 

548 

7,800 

111.2 

1,580 

folia),  Washington,  Oregon. 
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Static  bending— 
Continued. 

Impact  bending. 

Compression  parallel 
to  grain. 

Compres- 
sion per- 
pendicu- 
lar to 
grain; 
fiber 
stress  at 
elastic 
limit. 

Shearing 
strength 
parallel 
to  the 
grain. 

Ten- 

sile 

strength 

per- 

pen- 

dicular 

to 

grain. 

Hardness,  load 
required  to  em- 
bed a 1.13  cm 
(0.444  in.)  ball 
to  one-half  its 
diameter. 

Work  in  b< 

To 

elastic 

limit. 

jnding— 

To 

maxi- 

mum 

load. 

Fiber 
stress  at 
elastic 
limit. 

Work 

in 

bend- 
ing to 
elastic 
limit. 

Height 
of  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
ham- 
mer. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

a 

¥ 

a 

a 

1 

¥ 

¥ 

£ 

¥ 

£ 

a 

0 

s 

¥ 

£ 

a 

0 

d 

a 

¥ 

a 

¥ 

a 

0 

¥ 

1 

¥ 

bO 

X 

.a 

b£> 

X 

¥ 

bfl 

£ 

b0 

^3 

¥ 

a 

0 

¥ 

b 0 

X 

£ 

"b0 

r* 

.0 

bo 

X 

£ 

b£ 

X 

£ 

"m 

X 

£ 

bO 

X 

£ 

b 0 

X 

£ 

20 

21 

22 

23 

24 

25 

26 

28 

29 

so 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

0.084 

1.20 

0.87 

12.3 

760 

10, 800 

0.31 

4.4 

101.6 

40 

202 

2,870 

256 

3, 640 

61.2 

870 

83.0 

1,180 

58.4 

830 

454 

1,000 

481 

1,060 

.095 

1.35 

.91 

13.0 

851 

12,100 

.32 

4.5 

104.1 

41 

213 

3,030 

293 

4,170 

78.0 

1, 110 

103.4 

1,470 

54.2 

770 

563 

1,240 

581 

1,280 

.034 

.48 

.39 

5.6 

562 

8,000 

.18 

2.6 

43.2 

17 

141 

2,000 

179 

| 2,550 

21.8 

310 

55.5 

790 

32.3 

460 

191 

420 

154 

340 

.097 

1.38 

.85 

12.1 

66.1 

26 

263 

3,470 

62.6 

890 

87.2 

1,240 

454 

1,000 

391 

860 

.056 

.80 

.50 

7.1 

598 

8,500 

.25 

3.5 

94.0 

37 

170 

2,410 

192 

2,730 

32.3 

460 

66.8 

950 

36.5 

520 

277 

610 

236 

520 

.076 

1.08 

1.14 

16.2 

858 

12,200 

.29 

4.1 

160.0 

63 

225 

3,200 

287 

4,080 

54.8 

780 

88.6 

1,260 

51.3 

730 

568 

1,250 

563 

1,240 

.044 

.62 

.62 

8.8 

640 

9,100 

.23 

3.3 

68.6 

27 

148 

2,110 

199 

2,830 

30.2 

430 

65.4 

930 

32.3 

460 

250 

550 

213 

470 

.058 

.82 

.69 

9.8 

760 

10,800 

.29 

4.1 

96.6 

38 

191 

2,720 

229 

3,250 

47.8 

680 

81.6 

1,160 

49.9 

710 

391 

860 

331 

730 

.047 

.67 

.76 

10.8 

188 

2, 680 

33.7 

480 

304 

670 

268 

590 

.055 

.78 

.84 

12.0 

576 

8,200 

.22 

3.2 

83.9 

33 

137 

1,950 

197 

2,800 

40.8 

580 

73.8 

1,050 

46.4 

660 

381 

840 

336 

740 

.042 

.60 

.53 

7.5 

619 

8,800 

.23 

3.3 

66.1 

26 

168 

2,390 

205 

2,920 

31.6 

450 

70.3 

1,000 

44.3 

630 

318 

700 

277 

610 

.039 

.55 

.58 

8.3 

604 

8,600 

.20 

2.9 

58.4 

23 

158 

2,250 

184 

2,610 

23.2 

330 

58.4 

830 

31.6 

450 

259 

570 

227 

500 

.082 

1. 16 

1.26 

114.6 

837 

11,900 

.32 

4.5 

94.0 

37 

253 

3,600 

302 

4,300 

42.2 

600 

85.8 

1,220 

40.1 

570 

436 

960 

409 

900 

.025 

.36 

.76 

10.8 

358 

5,100 

.14 

2.0 

91.5 

36 

68.2 

970 

106.1 

1,510 

14.8 

210 

43.6 

620 

30.2 

430 

159 

350 

164 

360 

.041 

.58 

.76 

10.8 

534 

7,600 

.18 

2.5 

83.9 

33 

127.1 

1,810 

164. 4 

2,340 

23.2 

330 

61.2 

870 

25.3 

360 

223 

490 

227 

500 

.091 

1.29 

1.37 

19.5 

872 

12,400 

.44 

6.3 

101.6 

40 

239 

3,400 

43.6 

620 

78.8 

1,120 

459 

1,010 

445 

980 

.066 

.94 

.45 

6.4 

513 

7,300 

.17 

2.4 

43.2 

17 

201.8 

2,870 

221.5 

3, 150 

32.3 

460 

58.4 

830 

19.7 

280 

259 

570 

177 

390 

.041 

.59 

.55 

7.8 

654 

9,300 

.19 

2.7 

63.5 

25 

208.8 

2,970 

230.5 

3,280 

26.7 

380 

61.9 

880 

16.9 

240 

254 

560 

218 

480 

.045 

.64 

.35 

5.0 

499 

7,100 

.17 

2.4 

43.2 

17 

175.6 

2,500 

199.5 

2,840 

21.8 

310 

50.6 

720 

14.8 

210 

195 

430 

118 

260 

.042 

.60 

.40 

5.7 

372 

5,300 

.14 

2.0 

38.1 

15 

98.8 

1,420 

140 

1,990 

20.4 

290 

43.6 

620 

16.9 

240 

145 

320 

1C4 

230 

.060 

.86 

.45 

6.4 

562 

8,000 

.18 

2.6 

61.0 

24 

218 

3,100 

245 

3,490 

33.0 

470 

57.6 

820 

19.7 

280 

213 

470 

173 

380 

.054 

.77 

.67 

9.5 

604 

8,600 

.22 

3.2 

68.6 

27 

168 

2,390 

203 

2,880 

28.8 

410 

57.6 

820 

18.3 

260 

236 

520 

186 

410 

.060 

.86 

. 47 

6.7 

661 

9,400 

.20 

2.9 

63.5 

25 

239 

3,400 

277 

3,940 

37.2 

530 

64.0 

910 

14.1 

200 

232 

510 

213 

470 

/ 
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TABLE  45. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Num- 
ber oi 
rings — 

d 

§ 

« 

% 

.a 

1 

© 

Specific 
gravity 
oven  dry 
(100°  C. 
or  212° 
F.) 
based 
on— 

Weight 

(green). 

Shrinkage 
from  green 
to  oven  dry 
condition. 

Static  bending. 

Common  and  botanical  name 
and  locality  where  grown. 

<8 

CD 

rC 

C 

i 

u 

<L 

O 

of  moisture  content  de 
(212°  F.). 

1 

<u 

h 

bfi 

a 

2 

fr 

a 

<D 

> 

© 

s 

§ 

O g 
**  ® 
g& 
“S 
s •§ 

r cent  of  dimensions 

hen  green). 

S 

1 

*0  . 
og 
^ 0) 
s 

W 3 
£.3 

Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus  of 
elasticity. 

"*o 

'V 

•Q 

a 

3 

£ 

Per  cm 

Per  in. 

<D 

byo 

08 

1 

Uh 

O 

& 

bO 

08 

13 

<D 

U 

U4 

V 

& 

is 

© 

a 

3 

> 1 

% 

<D 

a 

3 

> 

! 

*So 

d 

d 

© 3 

a ® 

3® 

1 

3 

hH 

.2 

•a 

as 

3 § 

1" 

b0 

3 

cs 

H 

1 

"So 

3 

d 

a 

3 

d 

a 

s 

"Sa 

d 

3 

d 

d 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

CONIFERS — Continued. 

Douglas  fir  (Pseudotsuga  taxi- 

10 

8.7 

22 

27 

38 

0.40 

0.44 

544 

34 

10.6 

3.6 

6.2 

253 

3,600 

450 

6,400 

83.0 

1,180 

folia),  Montana,  Wyoming. 

Fir,  Alpine  (Abies  lasiocarpa), 

5 

5.9 

15 

14 

47 

.3! 

.32 

448 

28 

9.0 

2.5 

7.1 

169 

2,400 

309 

4,400 

60.4 

860 

Colorado. 

Fir,  amabilis  (Abies  amabilis), 

20 

3.1 

8 

26 

102 

.37 

.42 

752 

47 

14.1 

4.5 

10.0 

274 

3,900 

443 

6,300 

91.4 

1,300 

Oregon,  Washington. 

Fir,  balsam  (Abies  balsamea), 

5 

4.7 

12 

26 

117 

.34 

.41 

720 

45 

10.8 

2.8 

6.6 

211 

3,000 

344 

4,900 

67.5 

960 

Wisconsin. 

Fir,  grand  (Abies  grandis). 

10 

7.1 

18 

30 

94 

.37 

.42 

705 

44 

10.6 

3.2 

7.2 

253 

3,600 

429 

6,100 

91.4 

1,300 

Montana,  Oregon. 

Fir,  noble  (Abies  nobilis),  Ore- 

5 

9.1 

23 

17 

41 

.35 

.41 

496 

31 

13.6 

4.9 

9.1 

239 

3,400 

401 

5,700 

90.0 

1,280 

gon. 

Fir,  white  (Abies  concolor), 

5 

3.9 

10 

30 

156 

.35 

.44 

897 

56 

10.2 

3.4 

7.0 

274 

3,900 

422 

6,000 

79.4 

1,130 

California. 

Hemlock,  black  (Tsuga  merten- 

. 5 

9.1 

23 

45 

70 

.42 

.48 

720 

45 

10.8 

4.4 

7.1 

246 

3,500 

422 

6,000 

66.1 

940 

siana),  Montana. 

Hemlock,  eastern  (Tsuga  cana- 

10 

7.9 

20 

34 

105 

.38 

.44 

768 

4a 

10.4 

3.0 

6.4 

295 

4,200 

471 

6,700 

78.7 

1,120 

densis),  Tennessee,  Wiscon- 
sin. 

Hemlock,  western  (Tsuga  hete- 

5 

3.9 

10 

27 

71 

.38 

.43 

656 

41 

11.6 

4.5 

7.9 

239 

3,400 

429 

6,100 

83.7 

1,190 

rophylla),  Washington. 

Larch,  western  (Larix  occiden- 

13 

12.6 

32 

37 

58 

.48 

.59 

768 

48 

13.2 

4.2 

8.1 

323 

4,600 

527 

7,500 

94.9 

1,350 

talis),  Montana,  Washington. 
Pine,  Cuban  (Pinus  hetero- 

5 

6.7 

17 

4 

(4 

47 

.58 

.68 

849 

53 

12.7 

5.9 

7.5 

393 

5,600 

618 

8,800 

114.6 

1,630 

phylla),  Florida. 

Pine,  jack  (Pinus  divaricata), 

5 

2.8 

7 

30 

105 

.39 

.46 

801 

50 

10.4 

3.4 

6.5 

211 

3,000 

380 

5,400 

64.7 

920 

Wisconsin. 

Pine,  Jeffrey  (Pinus  jeffreyi), 

5 

7.1 

18 

23 

101 

.37 

.42 

753 

47 

9.9 

4.4 

6.7 

225 

3,200 

352 

5,000 

68.9 

980 

California. 

Pine,  loblolly  (Pinus  taeda), 

15 

3.1 

8 

42 

70 

.50 

.59 

865 

54 

12.6 

5.5 

7.5 

309 

4,400 

527 

7,500 

97.0 

1,380 

Florida, North  Carolina,  South 
Carolina. 

Pine,  lodgepole  (Pinus  con- 

28 

9.5 

24 

22 

65 

.38 

.44 

625 

39 

11.5 

4.5 

6.7 

211 

3,000 

387 

5,500 

76.0 

1,080 

torts),  Colorado,  Montana, 
Wyoming. 

Pine,  longleaf  (Pinus  palus- 

34 

7.1 

18 

39 

47 

.55 

.64 

801 

50 

12.3 

5.3 

7.5 

380 

5,400 

612 

8,700 

114.5 

1,630 

tris),  Florida,  Louisiana  Mis- 
sissippi. 

Pine,  Norway  (Pinus  resinosa). 

5 

8.7 

22 

41 

54 

.44 

.51 

673 

42 

11.5 

4.6 

7.2 

260 

3,700 

450 

6,400 

97.0 

1,380 

Wisconsin. 

Pine,  pitch  (Pinus  rigida),  Ten- 

5 

4.7 

12 

30 

85 

.47 

.54 

865 

54 

11.7 

4.8 

7.4 

260 

3,700 

471 

6,700 

78.8 

1,120 

nessee. 

Pine,  pond  (Pinus  serotina), 

5 

5.1 

13 

35 

56 

.50 

.58 

785 

49 

11.2 

5.1 

7.1 

316 

4,500 

520 

7,400 

90.0 

1,280 

Florida. 

Pine,  shortleaf  (Pinus  echin- 

12 

4.7 

12 

40 

64 

.50 

.58 

800 

50 

12.6 

5.1 

8.2 

316 

4,500 

562 

8,000 

101.9 

1,450 

ata),  Arkansas,  Louisiana. 
Pine,  sugar  (Pinus  lamberti- 

5 

4.7 

12 

34 

123 

.36 

.39 

800 

50 

8.4 

2.9 

5.6 

232 

3,300 

372 

5,300 

68.2 

970 

ana),  California. 

Pine,  table -mountain  (Pinus 

5 

5.9 

15 

29 

75 

.49 

.55 

865 

54 

10.9 

3.4 

6.8 

316 

4,500 

527 

7,500 

89.3 

1,270 

pungens),  Tennessee. 

Pine,  western  white  (Pinus 

5 

11.0 

28 

33 

58 

.39 

.45 

625 

39 

11.5 

4.1 

7.4 

246 

3,500 

401 

5,700 

93.5 

1,330 

monticola),  Montana. 

1 

1 
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Static  bending— 
Continued . 

Impact  bending. 

Compression  parallel 
to  grain. 

Compres- 
sion per- 
pendicu- 
lar to 
grain; 
fiber 
stress  at 
elastic 
limit. 

Shearing 
strength 
parallel 
to  the 
grain. 

Ten- 

sile 

strength 

per- 

pen- 

dicular 

to 

grain. 

Hardness,  load 
required  to  em- 
bed a 1.13  cm 
(0.444  in.)  ball 
to  one -half  its 
diameter. 

Work  in  bending— 

Fiber 
stress  at 
elastic 
limit. 

Work 

in 

bend- 
ing to 
elastic 
limit. 

Height 
of  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
ham- 
mer. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

To 

elastic 

limit. 

To 

maxi- 

mum 

load. 

a 

d 

1 

d 

S 

_d 

f 

•d 

1 

1 

d 

§ 

i 

i 

a 

s 

- 

1 

1 

! 

d 

| 

3 

to 

& 

d 

to 

X 

_d 

"5 

£ 

to 

d 

a 

d 

bfi 

ja 

bfl 

X 

;d 

bo  1 

;d 

to 

X 

.Q 

"3 

d 

bo 

.d 

bfl 

X 

£ 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

~\ 

42 

43 

0.046 

0.65 

0.48 

6.8 

640 

9,100 

0.21 

3.0 

50.8 

20 

177 

2,520 

211 

3,000 

31.6 

450 

61.9 

880 

24.6 

350 

204 

450 

182 

400 

.027 

.39 

.31 

4.4 

373 

5,300 

.11 

1.6 

22.9 

9 

117 

1,660 

145 

2,06o! 

21.  s! 

310 

42.9 

610 

127 

280 

100 

220 

.042 

.60 

.42 

6.0 

548 

7,800 

.15 

2.2 

1 53.4 

21 

167 

2,380 

206 

2,930 

22. 5i 

320 

47.1 

670 

16.9 

240 

163 

360 

141 

310 

.037 

.52 

.33 

4.7 

485 

6,900 

.16 

2.3 

40.7 

16 

156 

2,220 

169 

2,400 

I4' 8 

210 

42.9 

610 

12.7 

180 

132 

290 

132 

290 

.041 

.58 

.39 

5.6 

569 

8,100 

.18 

2.6 

55.9 

22 

188 

2,680 

212 

3,010 

23.9 

340 

53.4 

760 

16.2 

230 

191 

420 

163 

360 

.037 

.53 

.44 

6.2 

555 

7,900 

.18 

2.6 

50.8 

20 

167 

2,370 

190 

2,700 

21.8 

310 

49.2 

700 

12.7 

180 

136 

300 

114 

250 

.054 

.77 

.37 

5.2 

507 

7,200 

.15 

2.2 

45.7 

18 

184 

2,610 

197 

2,800 

30.9 

440 

51.3 

730 

18.3 

260 

173 

380 

150 

330 

.055 

.78 

.66 

9.4 

619 

8,800 

.25 

3.6 

j 91.5 

36 

182 

2,590 

203 

2,890 

28.1 

400 

61.9 

880 

25.3 

360 

263 

580 

209 

460 

.062 

.88 

6.8 

555 

7,900 

.20 

2.8 

j 50.8 

20 

191 

2,710 

230 

3,270 

35.1 

500 

61.9 

880 

18.3 

260 

232 

510 

186 

410 

.041 

.58 

1.42 

6.0 

548 

7,800 

.17 

2.4 

50.8 

20 

161 

2,290 

203 

2,890 

24. 6( 

350 

57.0 

810 

18.3 

260 

‘245 

540 

195 

430 

.071 

1.01 

.50 

7.1 

661 

9,400 

.26 

3.7 

61.0 

24 

228 

3,250 

267 

3,800 

39.4 

560 

64.7 

920 

16.2 

1230 

1 

'213 

470 

204 

450 

.077 

1. 10 

.56 

| 7.9 

795 

11,300 

.27 

3.9 

94.1 

37 

278 

3,950! 

314 

4,470 

41.5 

590 

72.4 

1,030 

20. 4 

1290 

259 

570 

286 

630 

.039 

.55 

.41 

i 5.9 

548 

7,800 

.23 

3.3 

1 76.2 

30 

158 

2,250 

182 

2,580 

26.7 

380 

53.4 

760 

21.8 

,310 

173 

380 

168 

370 

.042 

.60 

.33 

4.7 

506 

7,200 

.18 

2.6 

53.4 

21 

143 

2,030 

167 

2,370 

24.6 

350 

48.5 

690 

18.3 

260 

145 

320 

154 

340 

.057 

1 .81 

.56 

8.0 

668 

9,500 

.22 

3.1 

81.3 

32 

202 

2,870 

252 

3,580 

38.7 

550 

63.2 

900 

19.7 

280 

182 

400 

204 

450 

.034 

i ”49 

.39 

5.6 

506 

7,200 

.16 

2.3 

50.8 

20 

148 

2,100 

184 

2,610 

21.8 

310 

48.5 

690 

15.5 

220 

r 

320 

150 

330 

I . 070 

j 

1.00 

.56 

8.0 

759 

10, 800 

| .25 

3.5 

! 86.4 

34 

270 

3,840 

309 

4,390 

42.2 

600 

75.2 

1,070  20.4 

290 

.250 

550 

268 

590 

.041 

1 .59 

.41 

5.8 

527 

7,500 

.15 

2.2 

1 

! 71.2 

28 

174 

2, 470 

' 217 

3, 080 

25.3 

360 

54.8 

78013.4 

190 

163 

360 

154 

340 

.053 

.75 

.60 

8.5 

6401  9,100 

.24 

3.4 

73.7 

29 

148 

2, 100 

214 

3,040 

35.9 

510 

66.8 

950' 24. 6 

350 

209 

460 

218 

480 

.065 

.93 

.53 

7.5 

661 

i 9,400 

.22 

3.2 

83.9 

33 

210  j 2,990 

257 

3,660 

38.0 

540 

66.1 

940  19.7 

280 

209 

460 

232 

510 

.056 

.79 

.61 

8.7 

78811, 200 

.28 

4.0 

99.1 

39 

256'  3,650 

268 

3,810 

33.7 

480 

62.6 

890 

23.2 

330 

223 

490 

254 

560 

.046 

.66 

.35 

5.0 

471 

6,700 

.16  2.3 

1 43.2 

17 

164 

j 2,340 

183 

2,600 

24.6 

350 

49.9 

710 

19.0 

270 

150 

330 

145 

320 

.066 

| .94 

.57 

8.1 

718110, 200 

.27  3.8 

73.7 

29 

210 

! 2,980 

249 

3,540 

39.4 

560 

67.5 

960 

22.5 

320 

218 

480 

223 

490 

.038 

i -S4 

.36 

5.1 

534  7,600 

.16  2.3 

58.4 

23 

195!  2,770 

1 

216 

3, 070 

21.1 

300 

49.9 

710 

17.6 

250 

150 

330 

150 

330 

1 82 
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TABLE  45. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Num- 
ber of 
rings — 

(3 
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o 

as 

< V 

.9 

§ 

© 

Specific 
gravity 
oven  dry 
(100°  C. 
or  212° 
F.) 
based 
on — 

Weight 

(green). 

Shrinkage 
from  green 
to  oven  dry 
condition. 

Static  bending. 

Common  and  botanical  name 
and  locality  where  grown. 

OB 
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g 

•d 

o 

o 

£ 
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© 
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© 

O0 

3 

© 

>. 

CJ 

4 ) 

O 

g 

s 

a 

■3  . 
og 

g« 

« a 
. 
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© 

a* 

Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus  of 
elasticity. 

o 
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3 

£ 

| Per  cm 

| Per  in. 

© 
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© 
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© 
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© 

& 

© 
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© 

a 
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1 

x 
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d 
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8-2 
aM 

§ 

a 

<B  S> 

3 

•o 

■si 

© 

bfi 

a 

H 

a 

© 

"3 
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a 
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*3 

J3 

d 
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d 

a 

d 

d 

1 

2 

3 

4 

5 

6 

1 
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8 

9 

10 

11 

12 

IB 

14 

15 

16 

17 

18 

19 

CONIFERS — Continued. 

Pine,  western  yellow  (Pinus 

25 

7.9 

20 

22 

95 

0.38 

0. 42 

737 

46 

10.0 

3.9 

6.4 

218 

3,100 

365 

5,200 

71.0 

1,010 

ponderosa),  Colorado,  Mon- 
tana, Arizona,  Washington, 
California. 

Pine,  white  (Pinus  strobus). 

5 

6.3 

16 

31 

74 

.36 

.39 

625 

39 

7.8 

2.2 

5.9 

239 

3,400 

372 

5,300 

75.2 

1,070 

Wisconsin. 

Spruce,  Engelmann  (Picea 

10 

5.5 

14 

14 

100 

.31 

.35 

609 

38 

10.4 

3.4 

6.6 

176 

2,500 

295 

4,200 

58.3 

830 

engelmanni),  Colorado. 
Spruce,  red  (Picea  rubens), 

9 

6.7 

17 

27 

43 

.38 

.41 

545 

34 

11.8 

3.8 

7.8 

239 

3,400 

401 

5,700 

83.0 

1,180 

New  Hampshire,  Tennessee. 
Spruce,  Sitka  (Picea  sitchensis), 

5 

3.5 

9 

24 

53 

.34 

.37 

529 

33 

11.2 

4.5 

7.4 

211 

3,000 

387 

5,500 

83.0 

1,180 

Washington. 

Spruce,  white  (Picea  cana- 

7 

5.5 

14 

27 

46 

.36 

.43 

529 

33 

14.8 

3.7 

7.3 

232 

3,300 

380 

5,400 

68.9 

980 

densis),  New  Hampshire, 
Wisconsin. 

Tamarack  (Larix  laricina),  Wis- 

5 

7.9 

20 

38 

52 

.49 

.56 

753 

j 47 

13.6 

3.7 

7.4 

295 

4,200 

506 

7,200 

87.2 

1,240 

consin. 

Yew,  western  (Taxus  brevi- 

5 

10.6 

27 

44 

.60 

.67 

865 

54 

9.7 

1 

: 4.o 

5.4 

1 457 

6,500 

710 

10,100 

69.6 

990 

folia),  Washington. 

1 

1 
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Static  bending- 
Contmued. 

Impact  bending. 

Compression  parallel 
to  grain. 

Compres- 
sion per- 
pendicu- 
lar to 
grain; 
liber 
stress  at 
elastic 
limit. 

Shearing 
strength 
parallel 
to  the 
grain. 

Ten- 

sile 

strength 

per- 

pen- 

dicular 

to 

grain. 

Hardness,  load 
required  to  em- 
bed a 1.13  cm 
(0.444  in.)  ball 
to  one-half  its 
diameter. 

Work  in  bending — 

Fiber 
stress  at 
elastic 
limit. 

Work 

in 

bend- 
ing to 
elastic 
limit. 

Height 
of  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
ham- 
mer. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

To 

elastic 

limit. 

To 

maxi- 

mum 

load. 
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i 

£2 

i 

0 

d 

1 

d 

a 

£ 

a 

4 

I 

d 
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£! 

bD 

X 
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X 
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20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

0.038 

0.54 

0.36 

5.1 

471 

6,700 

0. 16 

2.3 

48.3 

19 

146 

2,080 

173 

2, 460 

23.9 

340 

47.8 

680 

19.7 

280 

141 

310 

145 

320 

.044 

.62 

.41 

5.9 

457 

6,500 

.15 

2.1 

45.7 

18 

167 

2,370 

191 

2, 720 

21.8 

310 

45.0 

640 

18.3 

260 

136 

300 

136 

300 

.030 

.43 

.34 

4.9 

408 

5, 800 

.13 

1.9 

35.6 

14 

122 

1, 740 

139 

1,980 

20.4 

290 

41.5 

590 

113 

250 

109 

240 

.039 

.56 

.43 

6.1 

506 

7, 200 

.16 

2.3 

45.7 

18 

166 

2, 360 

193 

2, 740 

24.6 

350 

54.2 

770 

15.5 

220 

191 

420 

159 

350 

.031 

.44 

.45 

6.4 

555 

7,900 

.18 

2.5 

73.7 

29 

160 

2, 280 

183 

2, 600 

23.2 

330 

54.8 

780 

16.2 

230 

195 

430 

168 

370 

.046 

.66 

.40 

5.7 

478 

6, 800 

.14 

2.0 

50.8 

20 

160 

2,280 

167 

?,  380 

19.0 

270 

47.1 

670 

14.1 

200 

136 

300 

127 

280 

.059 

.84 

.51 

7.2 

548 

7, 800 

.19 

2.7 

71.2 

28 

211 

3,010 

245 

3, 480 

33.7 

480 

60.4 

860 

18.3 

260 

182 

400 

173 

380 

.173 

|2.46 

1.42 

20.2 

921 

13, 100 

.44 

6.2 

96.6 

38 

239 

3,400 

323 

4,600 

73.2 

1,040 

114.0 

1,620 

31.6 

450 

608 

1,340 

522 

1, 150 
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TABLE  46. — Results  of  Tests  on  126  Species  of  Wood  Tested 

U.  S.  Department  of  Agriculture 
[Test  specimens  were  2 by  2 in.  (50.8  by  50.8  mm)  in  section.  Bending  specimens 
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a> 
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0 >> 

• ■a 

0 03 

0 a 

O <j, 

Static  bending. 

ber  of 
rings. 

O 
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0 
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(air 
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Fiber 

Work  in  bending. 

Common  and  botanical  name 
and  locality  where  grown. 

<D 
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<0  0 

0 a 

> CD 

stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus 
of  elasticity. 

To 

elastic 

limit. 

To  maxi- 
mum 
load. 
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ft 

[ Per  in. 

CD 

bO 
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<d 
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ft 

fa 

CD 
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0) 

ft 

03 

MrQ 
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<D  ™ 

CO  ^ 

s 

& 

•n 

a 

~b5 

4 

£ 

1 

"u 

1 

£ 

a 

~b£ 

4 

£ 

£ 

kgcm/cm8 

d 

£ 

d 

a 

f 

bO 

M 

in.  lb./in.3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

HARDWOODS. 

Alder,  red  (Alnus  oregona). 

4.3 

11 

8.6 

0. 42 

464 

29 

570 

8,100 

759 

10, 800 

101.1 

1,  440 

0. 17 

2.37 

0.60 

8.5 

Washington. 

Ash,  hiltmore  (Fraxinus  biltmore- 

6.7 

17 

49 

5.3 

.57 

608 

38 

851 

12, 100 

1,096 

15, 600 

123.6 

1, 760 

.32 

4.60 

.82 

11.7 

ana),  Tennessee. 

Ash,  black  (Fraxinus  nigra), 

9.5 

24 

52 

10.4 

.50 

544 

34 

584 

8,300 

978 

13,900 

118.0 

1,680 

.13 

1.84 

1.09 

15.5 

Michigan,  Wisconsin. 

Ash,  blue  (Fraxinus  quadrangu- 

4.7 

12 

49 

9.6 

.58 

640 

40 

612 

8, 700 

1, 040 

14, 800 

100.5 

1,430 

.21 

3.00 

1.00 

14.3 

lata),  Kentucky. 

Ash,  green  (Fraxinus  lanceolata). 

7.1 

18 

58 

10.4 

.57 

624 

39 

665 

9, 460 

1, 046 

14,900 

118.8 

1,690 

.21 

3.00 

.96 

13.6 

Missouri,  Louisiana. 

Ash,  Oregon  (Fraxinus  oregona), 
Oregon. 

Ash,  pumpkin  (Fraxinus  pro- 

4.7 

12 

63 

8.4 

.57 

624 

39 

562 

8,000 

1,019 

14, 500 

100.5 

1,430 

.18 

2.58 

1.05 

15.1 

8.3 

21 

46 

9.6 

.53 

576 

36 

492 

7, 000 

830 

11, 800 

92.1 

1,310 

.15 

2.11 

.55 

7.8 

funda),  Missouri. 

Ash,  white  (forest  grown)  (Frax- 

6.3 

16 

50 

8.7 

.58 

641 

40 

717 

10, 200 

1, 180 

16, 800 

127.2 

1,810 

.23 

3.29 

1.06 

15.1 

inus  americana),  Arkansas, 
West  Virginia. 

Ash,  white  (second  growth)  (Frax- 

3.5 

9 

63 

9.5 

.64 

705 

44 

1054 

15, 000 

1,306 

18, 600 

139.2 

1,980 

.34 

4.80 

1.19 

17.0 

inus  americana),  New  York. 
Aspen  (Populus  tremuloides), 

3.1 

8 

5.2 

.42 

448 

28 

534 

7, 600 

760 

10, 800 

90.7 

1, 290 

.17 

2.43 

.51 

7.3 

Wisconsin. 

Aspen,  large-tooth  (Populus  gran- 

3.1 

8 

8.0 

.40 

432 

27 

499 

7, 100 

767 

10, 900 

115.2 

1, 640 

.13 

1.83 

.47 

6.7 

didentata),  Wisconsin. 
Basswood  (Tilia  americana). 

7.5 

19 

29 

8.4 

.38 

416 

26 

513 

7, 300 

717 

10, 200 

111.1 

1, 580 

.14 

1.99 

.57 

8.1 

Pennsylvania,  "Wisconsin. 

Beach  (Fagus  atropunicea),  Indi- 

7.5 

19 

30 

11.2 

.63 

705 

44 

632 

9, 000 

1,054 

15,000 

118.0 

1,680 

.20 

2.91 

.96 

13.7 

ana,  Pennsylvania. 

Birch,  paper  (Betula  papyrifera). 

2.4 

6 

36 

4.2 

.58 

608 

38 

802 

11,400 

1, 124 

16, 000 

127.1 

1,810 

.30 

4.32 

.93 

13.2 

Wisconsin. 

Birch,  sweet  (Betula  lenta),  Penn- 

10.6 

27 

9.0 

.66 

721 

45 

935 

13, 300 

1, 376 

19, 600 

150.4 

2, 140 

.32 

4. 56 

1.19 

17.0 

sylvania. 

Birch,  yellow  (Betula  lutea),  Penn- 

7.5 

19 

26 

9.6 

.63 

705 

44 

865 

12, 300 

1,329 

18,900 

154.6 

2,200 

.28 

3.93 

1.42 

20.2 

sylvania,  Wisconsin. 

Buckeye,  yellow  (Aesculus  octan- 

5.9 

15 

6.2 

.38 

400 

25 

492 

7, 000 

654 

9, 300 

90.0 

1, 280 

.16 

2.20 

.44 

6.2 

dra),  Tennessee. 

Buckthorn, cascara(Rhamnus  pur- 

6.7 

17 

4.0 

.53 

545 

34 

597 

8,500 

738 

10,500 

87.2 

1, 240 

.23 

3. 28 

.40 

5.7 

shiana),  Oregon. 

Butternut  ( Juglans  cinerea),  Ten- 

3.5 

9 

7.6 

.39 

416 

26 

513 

7,300 

654 

9, 300 

88.6 

1, 260 

.16 

2.32 

.58 

8.2 

nessee,  Wisconsin. 

Cherry,  black  (Prunus  serotina), 

4.3 

11 

9.2 

.51 

560 

35 

774 

11, 000 

971 

13, 800 

108.2 

1,540 

.32 

4.48 

.77 

11.0 

Pennsylvania. 

Cherry,  wild  red  (Prunus  penn- 

2.4 

6 

6.6 

.41 

432 

27 

548 

7,800 

752 

10,700 

98.5 

1, 400 

.18 

2.54 

.65 

9.3 

sylvanica),  Tennessee. 

Chestnut  (Castanea  dentata). 

3.9 

10 

48 

8.6 

.44 

480 

30 

520 

7,400 

682 

9, 700 

93.5 

1,330 

.17 

2.41 

.45 

6.4 

Maryland,  Tennessee. 
Chinquapin,  western  (Castanopsis 
chrysophylla), Oregon. 
Cottonwood  (Populus  deltoides). 

5.9 

15 

4.8 

.48 

496 

31 

837 

11,900 

992 

14, 100 

99.2 

1,410 

.43 

6. 14 

.67 

9.5 

2.4 

6 

4.7 

.43 

448 

28 

604 

8,600 

801 

11,400 

115.4 

1,640 

.18 

2.61 

.52 

7.4 

Missouri. 

Cottonwood,  black  (Populus 

2.4 

6 

8.5 

.36 

384 

24 

436 

6,200 

675 

9,600 

92.1 

1,310 

.11 

1.62 

.51 

7.2 

trichocarpa),  Washington. 
Cucumber  tree  (Magnolia  acumi- 

5.5 

14 

6.8 

.50 

529 

33 

752 

10,700 

1,083 

15,400 

136.4 

1,940 

.23 

3.22 

.94 

13.4 

nata),  Tennessee. 

Dogwood,  flowering  (Comus 

9.5 

24 

7.5 

.77 

833 

52 

830 

11,800 

1,288 

18,300 

119.5 

1,700 

.33 

4.63 

1.33 

18.9 

florida),  Tennessee. 
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in  an  Air-Dry  Condition  in  the  Form  of  Small,  Clear  Pieces. 

Bulletin  No.  556,  Sept,  15, 1917. 

were  30  in.  (762  mm)  long;  others  were  shorter,  depending  on  kind  of  test.] 


Impact  bending. 

Height 
of  drop 
causing 
complete 
failure ; 
11.03  kg 
(50-lb.) 
hammer. 

Compression  parallel 
to  grain. 

Compres- 
sion perpen- 
dicular to 
grain;  fiber 
stress  at 
elastic  limit. 

Shearing 
strength 
parallel  to 
the  grain. 

Tensile 
strength 
perpen- 
dicular to 
grain. 

Hardness,  load  re- 
quired to  embed  a 1.13 
cm  (0.444  in.)  ball  to 
one-half  its  diameter. 

Fiber  stress 
at  elastic 
limit. 

Work  in 
bending 
to  elastic 
limit. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 
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jd 
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19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

914 

13,000 

0.41 

5.9 

50.8 

20 

376 

5,350 

496 

7,050 

45.7 

650 

58.1 

1, 210 

30.2 

430 

531 

1,170 

295 

650 

1.391 

19,800 

.73 

10.4 

116.9 

46 

502 

7, 140 

729 

10,370 

142.0 

2,020 

138.5 

1,970 

56.9 

810 

936 

2,060 

604 

1, 330 

858 

12, 200 

.37 

5.3 

91.5 

36 

356 

5,070 

484 

6, 890 

75.9 

1,080 

121.5 

1, 730 

51.3 

730 

568 

1,250 

404 

890 

1,447 

20,600 

.74 

10.5 

106.6 

42 

430 

6, 120 

544 

7, 740 

134.3 

1,910 

151.0 

2,150 

30.9 

440 

858 

1,890 

618 

1,360 

1, 223 

17, 400 

.58 

8.2 

78.8 

31 

375 

5,330 

533 

7,580 

123.6 

1,760 

146.1 

2,080 

49.9 

710 

804 

1,770 

572 

1, 260 

1, 054 

15,000 

.44 

6.2 

78.8 

31 

331 

4, 710 

499 

7, 100 

140.6 

2,000 

146.9 

2,090 

54.8 

780 

758 

1, 670 

590 

1,300 

1, 069 

15,200 

.56 

7.9 

55.9 

22 

284 

4,040 

443 

6,300 

140.6 

2,000 

132.8 

1,890 

58.4 

830 

700 

1,540 

468 

1, 030 

1, 195 

17,000 

.62 

8.8 

91.5 

36 

394 

5,600 

576 

8,190 

108.3 

1,540 

148.2 

2,110 

61.9 

880 

886 

1,950 

599 

1,320 

1,673 

23, 800 

.90 

12.8 

116.9 

46 

598 

8,500 

662 

9,420 

147.0 

2,090 

177.1 

2, 520 

79.4 

1, 130 

1, 017 

2, 240 

763 

1, 680 

738 

10,500 

.28 

4.0 

61.0 

24 

316 

4,490 

450 

6,400 

38.7 

550 

62.5 

890 

26.7 

380 

386 

850 

191 

420 

1,061 

15, 100 

.49 

7.0 

68.6 

27 

356 

5,060 

498 

7,080 

45.7 

650 

91.4 

1,300 

26.7 

380 

322 

710 

209 

460 

788 

11, 200 

.32 

4.6 

40.7 

16 

311 

4,430 

420 

5,980 

40.8 

580 

97.2 

1,240 

26.0 

370 

268 

590 

204 

450 

1,385 

19, 700 

.65 

9.2 

88.9 

35 

342 

4,870 

520 

7,400 

94.2 

1, 340 

138.4 

1,970 

62.6 

890 

636 

1, 400 

540 

1, 190 

970 

13  800 

.46 

6.6 

61.0 

24 

477 

6 780 

666 

9, 470 

64.0 

910 

114.5 

1,630 

677 

1,490 

581 

1, 280 

1,876 

26,700 

.93 

13.2 

122.0 

48 

511 

7, 270 

751 

10,680 

123.0 

1,750 

188.3 

2,680 

42.9 

610 

949 

2,090 

677 

1, 490 

1,490 

21, 200 

.70 

9.9 

147.3 

58 

543 

7,720 

686 

9, 760 

99.2 

1,410 

132.0 

1,880 

62.6 

890 

722 

1, 590 

599 

1, 320 

893 

12, 700 

.45 

6.4 

35.6 

14 

297 

4,220 

413 

5,870 

45.0 

640 

80.2 

1, 140 

46.4 

660 

250 

550 

181 

400 

788 

11  200 

.38 

5.4 

40.7 

16 

387 

5 510 

646 

9 190 

140. 5 

2,000 

140.0 

1, 990 

813 

1, 790 

581 

1,  280 

907 

12,900 

.40 

5.7 

61.0 

24 

316 

4,490 

470 

6,680 

53.4 

760 

95.6 

1, 360 

30.9 

440 

295 

650 

241 

530 

1,040 

14, 8C0 

.41 

5.9 

71.2 

28 

515 

7,330 

588 

8,370 

71.7 

1,020 

135.6 

1,930 

39.4 

560 

768 

1,690 

468 

1,030 

851 

12,100 

.37 

5.2 

91.5 

36 

384 

5,460 

456 

6,490 

49.2 

700 

87.2 

1,240 

23.9 

340 

422 

930 

263 

580 

808 

11, 500 

.38 

5.4 

45.7 

18 

311 

4,420 

465 

6,620 

65.4 

930 

81.6 

1,160 

33.0 

470 

354 

780 

263 

580 

879 

12  500 

.42 

6.0 

73.7 

29 

406 

5 780 

560 

7, 970 

60.4 

860 

101.9 

1, 450 

418 

920 

377 

830 

527 

7,500 

.17 

2.4 

48.3 

19 

356 

5,060 

550 

7,830 

51.3 

730 

78.8 

1,120 

49.2 

700 

336 

740 

218 

480 

766 

10,900 

.31 

4.4 

55.9 

22 

310 

4,410 

382 

5,440 

32.3 

460 

81.6 

1,160 

23.9 

340 

304 

670 

177 

390 

1,251 

17,800 

.53 

7.6 

94.0 

37 

423 

6,020 

600 

8,540 

60.5 

860 

107.5 

1,530 

57.3 

815 

527 

1,160 

359 

790 

1,356 

19,300 

.71 

10.1 

101.6 

40 

424 

6,030 

498 

7,090 

173.5 

2,470 

192.8 

2,740 

121.5 

1,730 

1,353 

2,980 

1, 149 

2,530 
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TABLE  46.— Results  of  Tests  on  126  Species  of  Wood  Tested  in 
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HARDW  OODS — Continued. 

Dogwood,  western  (Comus  nut- 
taliii),  Oregon. 

8.3J  21 

5.3 

0.68 

1 

721 

. 45 

71C 

1 10, 10c 

) 85* 

1 12,200 

1 123.  E 

1 1,76C 

10.25 

i 3.2e 

0.6C 

8.5 

Elder,  pale  (Sambucus  glauea), 
Oregon. 

2 .4 

6 

4.6 

.55 

577 

' 36 

534 

7, 60C 

l 795 

; 11,300 

78.7 

’ 1,120 

.1* 

1 2.51 

.75 

10.7 

Eim,  cork  (Ulmus  racemosa), 
Wisconsin. 

11. C 

28 

50 

8.5 

.65 

705 

44 

661 

9,400 

1,160 

1 16,500 

113.3 

i 1,610 

.23 

3.32 

1.32 

18.7 

Elm,  slippery  (Ulmus  pubescens), 
Indiana,  Wisconsin. 

6.3 

16 

54 

8.3 

.54 

592 

37 

661 

9,400 

1,048 

14,900 

110.5 

1,570 

.23 

3.28 

1.22 

17.3 

Elm,  white  (Ulmus  americana), 
Wisconsin,  Pennsylvania. 

7.1 

18 

34 

8.8 

.51 

560 

35 

647 

9,200 

1,027 

14,600 

104.9 

1,490 

.24 

3.46 

.96 

13.7 

Gum,  black  (Nyssa  sylvatica), 
Tennessee. 

10.6 

27 

7.2 

.52 

560 

35 

647 

9,200 

767 

10,900 

89.3 

1,270 

.27 

3.84 

.39 

5.6 

Gum,  blue  (Eucalyptus  globulus), 
California. 

5.7 

.82 

865 

54 

1012 

1,440 

1,448 

20,600 

182.6 

2,600 

.34 

4.82 

.82 

11.6 

Gum,  cotton  (Nyssa  aquatica), 
Louisiana. 

3.9 

10 

26 

6.1 

.52 

545 

34 

689 

9, 800 

795 

11, 300 

96.3 

1, 370 

.29 

4. 19 

.45 

6.4 

Gum,  red  (Liquidambar  styra- 
ciflua),  Missouri. 

6.3 

16 

11.3 

.49 

545 

34 

591 

8,400 

865 

12, 300 

105.4 

1, 500 

.24 

3.39 

.83 

11.8 

Hackberry  (Celtis  occidentalis), 
Indiana,  Wisconsin. 

4.7 

12 

56 

9.2 

.54 

592 

37 

485 

6,900 

865 

12,300 

87.9 

1, 250 

.15 

2. 18 

.87 

12.4 

Haw,  pear  (Crataegus  tomentosa), 
Wisconsin. 

4.3 

11 

8.6 

.70 

768 

48 

632 

9,000 

1, 209 

1, 720 

96.2 

1, 370 

.23 

3. 30 

1.67 

23.8 

Hickory,  big  shellbark  (Hicoria 
laciniosa),  Mississippi,  Ohio. 

7.1 

13 

77 

8.7 

.71 

768 

48 

639 

9, 800 

1,440 

20, 500 

143.4 

2,040 

.18 

2.59 

1.57 

22.4 

Hickory,  bittemut  (Hicoria  mini- 
ma), Ohio. 

5.1 

13 

77 

9.2 

.68 

737 

46 

724 

10, 300 

1, 320 

18,800 

132.0 

1, 880 

.22 

3. 19 

1.26 

17.9 

Hickory,  mockemut  (Hicoria 
alba),  Mississippi,  Pennsylvania. 

7.1 

18 

73 

8.9 

.75 

801 

50 

949 

13,500 

1, 518 

21,600 

167.2 

2, 380 

.29 

4. 19 

1.55 

22.0 

Hickory,  nutmeg  (Hicoria  my- 
risticaeformis),  Mississippi. 

8.9 

.62 

673 

42 

647 

9, 200-1, 356 

19,300 

127.9 

1,820 

.17 

2.40 

1.81 

25.7 

Hickory,  pecan  (Hicoria  pecan), 
Missouri. 

4.7 

12 

63 

6.2 

.70 

737 

46 

844 

12,000 

1,139 

16,200 

136.4 

1,940 

.30 

4. 33 

.94 

13.  J 

Hickory,  pignut  (Hicoria  glabra), 
Ohio,  Mississippi,  Pennsyl- 

6.3 

16 

74 

9.6 

.78 

849 

53 

893 

12,700 

1, 581 

22,500 

169.4 

2, 410 

.27 

3.87 

2.12 

30. 2I 

vania,  West  Virginia. 

Hickory,  shagbark  (Hicoria 
ovata),  Ohio,  Mississippi,  Penn- 

8.7 

22 

70 

9.4 

.74 

801 

50 

837 

11,900 

1, 588 

22,600 

160.9 

2,290 

.25 

3.55 

1.85 

1 

26.3! 

sylvania,  West  Virginia. 

Hickory,  water  (Hicoria  aqua- 
tica), Mississippi. 

5.9 

15 

70 

8.8 

.62 

673 

42 

830 

11,800 

1,409 

20,200 

151.8 

2,160 

.25 

3.55 

1.36 

19.4 

Holly,  American  (Hex  opaca),  : 
Tennessee. 

10. 6 

27 

... 

6.4 

.60 

641 

40 

562 

3,000 

893 

12,700 

86.5 

1,230 

.21 

2.95 

.75 

10.6 

Hornbeam  (Ostrya  virginiana),  : 
Wisconsin. 

LI.  4 

29 

5.6 

.75 

.785 

49 

977 

13,900 

1,306 

18,600 

148.3 

2,110 

.38 

5.34 

1.01 

14.4 

Laurel,  California  (Umbellularia 
californica),  Oregon. 

2.4 

6 

... 

4.9 

.58 

608 

38 

471 

6,700 

632 

9,000 

78.0 

1,110 

.17 

2.40 

.37 

5.2 

Laurel,  mountain  (Kalmia  lati- 
folia),  Tennessee. 

9.5 

24 

5.0 

.72 

753 

47 

766 

10,900 

928 

13,200 

99.2 

1,410 

.34 

4.77 

.64 

9.1 

Locust,  black  (Robinia  pseuda- 
cacia),  Tennessee. 

4.3 

11 

51- 

10.  O' 

.70 

768j 

48 

971 

13,800 

1,454 

20,700 

146.9 

2,090 

.37 

5.29 

1.34 

19.1 

Locust,  honey  (Gleditsia  triacan- 
thos),  Missouri. 

3.9 

1 

37 

6.0 

.63 

673j 

42 

752  : 

10,700 

1,174 

16,700 

118.7 

1,690 

.26 

3.76 

.89 

12.6 

Madrona  (Arbutus  menziessii), 
California,  Oregon. 

3.9 

10. 

4.5 

.70 

721 

45 

668 

9,500 

893 

12,700 

105.4 

1,500 

.24 

3.45 

.54 

7.6 

Magnolia,  evergreen  (Magnolia 
foetida),  Louisiana. 

5.9 

4 

... 

8.8; 

.51 

560 

35 

548 

7,800 

879 

12,500 

104.1 

1,480 

.17 

2.39 

.86 

12.3 

Maple,  Oregon  (Acer  macrophyl- 
lum),  Washington. 

4.7 

12!. 

1 

8.3 

.50 

545 

34 

534 

7,600 

844 

12,000 

111.1 

1,580 

.14 

1.93 

.54 

7.6 

Maple,  red  (Acer  rubrum),  Penn- 
sylvania, Wisconsin. 

5.5 

i4i 

241 

*1 

.54 

592 

37 

647 

9,  200 

998 

14, 200 

122.2 

1,740 

.20 

2.80 

.90 

12.8 
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an  Air-Dry  Condition  in  the  Form  of  Small,  Clear  Pieces— Continued. 


Impact  bending. 

Height 
of  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
hammer. 

Compression  parallel 
to  grain. 

Compres- 
sion peroen- 

Shearing 
strength 
parallel  to 
the  grain. 

Tensile 
strength 
perpen- 
dicular to 
grain. 

Hardness,  load  re- 
quired to  embed  a 1.13 
cm  (0.444  in.)  ballto 
one-half  its  diameter. 

Fiber  stress 
at  elastic 
limit. 

Work  in 
bending 
to  elastic 
limit. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

dicular  to 
grain;  fiber 
stress  at 
elastic  limit. 

End,' 

Side. 
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i £ 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

80 

81 

** 

83 

34 

35 

36 

37 

38 

766 

10,900 

0.27 

3.8 

66.1 

26 

418 

5,950 

795 

11,310 

173.5 

2,470 

144.9 

1 

1 

2,060 

98.5 

1,400 

1,139 

2,510 

745 

1,640 

851 

12, 100 

.48 

6.9 

76.2 

30 

291 

4,140 

492 

6,990 

68.9 

980 

418 

920 

409 

900 

1,301 

18,500 

.66 

9.4 

134.6 

53 

387 

5,510 

592 

8,420 

130.6 

1,860 

150.5 

2,140 

52.0 

740 

786 

1,730 

668 

1,470 

1,251 

17,800 

.66 

9.4 

114.3 

45 

377 

5,370 

548 

7,800 

87.2 

1,240 

127.2 

1,810 

34.4 

490 

554 

1,220 

409 

900 

1,166 

16,600 

.70 

9.9 

111.8 

44 

370 

5,270 

482 

6,850 

59.7 

850 

122.3 

1,740 

42.8 

610 

563 

1,240 

395 

870 

1,209 

17,200 

.64 

9.1 

48.3 

19 

285 

4,060 

493 

7,000 

105.4 

1,500 

102.6 

1,460 

33.  C 

470 

626 

1,380 

386 

850 

1,770 

25,200 

.89 

12.6 

106.6 

42 

802 

11,400 

977 

13,900 

158.1 

2,250 

144.0 

2,050 

836 

1,840 

749 

1,650 

1,034 

14, 700 

.55 

7.8 

50.8 

20 

383 

5,450 

556 

7,910 

107.5 

1,530 

129.3 

1,840 

66. 1 

940 

668 

1,470 

449 

990 

1,355 

19, 300 

.73 

10.4 

81.3 

32 

348 

4,960 

423 

6,020 

55.5 

790 

123.0 

1,750 

61.2 

870 

458 

1,010 

327 

720 

1,110 

15, 800 

.61 

8.7 

106.6 

42 

295 

4, 200 

453 

6,450 

93.5 

1, 330 

125.9 

1,790 

40.1 

570 

549 

1, 210 

422 

930 

950 

13, 500 

.39 

5.5 

50.8 

20 

334 

4,750 

592 

8, 420 

132.1 

1,880 

134. 9 

1,920 

1,030 

2, 270 

766 

1,680 

1,764 

25, 100 

1.02 

14.5 

213.3 

84 

682 

9,710 

186.9 

2, 660 

170.8 

2, 430 

1,862 

26, 500 

.98 

14.0 

167.6 

66 

744 

10, 600 

168.0 

2, 390 

144.0 

2,050 

1,540 

21, 900 

.75 

10.6 

188.0 

74 

746 

10, 610 

178.5 

2, 540 

133.5 

1,900 

559 

7,960 

163.0 

2, 320 

147.5 

2, 100 

1,434 

20, 400 

.73 

10.4 

104.2 

41 

434 

6, 170 

766 

10, 890 

235.4 

3,350 

178.5 

2,540 

92.1 

1,310 

1,075 

2,370 

971 

2,140 

1,841 

26, 200 

.94 

13.4 

177.8 

70 

748 

10, 640 

201.0 

2, 860 

172.2 

2,450 

1, 580 

22,500 

.75 

10.7 

165. 1 

65 

752 

10,700 

173.5 

2, 470 

164.5 

2, 340 

132.1 

52 

435 

6, 190 

713 

10, 140 

155.4 

2,210 

130.5 

1,860 

1,040 

14,800 

.60 

8.5 

68.6 

27 

313 

4,450 

550 

7,820 

107.1 

1,520 

144.9 

2,060 

52.0 

740 

804 

1,770 

522 

1,150 

1,166 

16,600 

.53 

7.6 

101.6 

40 

584 

8 310 

826 

11,750 

161.7 

2,300 

148.4 

2,110 

1,430 

3,150 

1,085 

2,390 

879 

12,500 

.44 

6.2 

55.9 

22 

367 

5,220 

572 

8,140 

135.6 

1,930 

164.4 

2,340 

66.8 

950 

899 

1,980 

663 

1,460 

1,223 

17, 400 

.65 

9.3 

116.9 

46 

370 

5,270 

501 

7,120 

170.1 

2,420 

1,212 

2,670 

990 

2,180 

1,519 

21,600 

.71 

10.1 

150.0 

59 

547 

7,790 

765 

10,880 

177.2 

2,520 

190.5 

2,710 

43.6 

620 

713 

1,570 

786 

1,730 

1,195 

17,000 

.65 

9.3 

114.3 

45 

458 

6,520 

669 

9,520 

196.9 

2,800 

181.4 

2,580 

57.6 

820 

922 

2,030 

726 

1,600 

752 

10,700 

. 31 

4. 4 

40.7 

16 

407 

5,790 

765 

10,800 

185.5 

2,640 

154.0 

2, 190 

1,190 

2,620 

876 

1,930 

1,054 

15,000 

.53 

7.5 

63.5 

25 

277 

3,940 

464 

6,600 

87.9 

1,250 

119.5 

1,700 

54.8 

780 

672 

1,480 

508 

1,120 

76.2 

30 

448 

6,370 

505 

7,180 

78.8 

1,120 

141.3 

2,010 

36.6 

520 

740 

1,630 

431 

950 

1,195 

17,000 

.58 

8.2 

78.8 

31 

382 

5, 430 

515 

7, 330 

90.0 

1,280 

138.5 

1,970 

46.4 

660 

695 

1,530 

449 

990 

i88 
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TABLE  46. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Num- 

5 

aJ 

T3 

CM 

S w 

° c 

Static  bending. 

ber  of 
rings. 

•a 

s 

> 

§2 
o oo 

3° 

JSo 
o o 

ez 

ca 

o»o 

Is 

eJ 

Weight 

(air 

dry). 

Fiber 

Work  in  bending.  ! 

Common  and  botanical  name  and 
locality  where  grown. 

a> 

i 

§ 

03 

O 

S3 

.tJ  o 

stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus 
of  elasticity. 

To 

elastic 

limit. 

! 

To  maxi- 1 
mum 
load. 

a 

u 

5 

Ph 

£ 

W t 

o 

Pi 

o 

to 

(8 

a 

0) 

o 

9 

P< 

t>  g 

m.5 
B g 
0 w 
o 

s 

2® 

a 

CO 

a 

^0 

x 

.O 

a 

# 

d 

£2 

a 

* \ 

B 

3 

a 

*3) 

£ 

a 

£5 

3 

« ! 

a ! 

t 

& j 
■*  | 

d 

£> 

d 

a 

o 

a" 

to 

X 

in.  lb./in.8 

1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

HARDWOODS — Continued. 

Maple,  silver  (Acer  saccharinum), 

2.8 

7 

8.2 

0.48 

513 

32 

542 

7, 700 

710 

10,100 

85.1 

1,210 

0.19 

2.67 

0.53 

7.6 

Wisconsin. 

Maple,  sugar  (Acer  saccharum). 

8.3 

21 

49 

10.5 

.62 

689 

43 

731 

10,400 

1, 110 

15,800 

127.9 

1, 820 

.25 

3. 52 

.96 

13.6 

Indiana,  Pennsylvania, Wiscon- 
sin. 

Oak,  bur  (Quercus  macrocarpa), 
Wisconsin. 

Oak,  California  black  (Quercus 

4.7 

12 

59 

10.2 

.65 

721 

45 

492 

7, 000 

766 

10,900 

74.5 

1, 060 

.20 

! 

. 2.79 

.68 

9.6 

6.3 

16 

52 

5.2 

.60 

641 

40 

590 

8,400 

738 

10,500 

81.6 

1,160 

.26 

3.72 

.40 

5.7 

califomica),  California,  Oregon. 
Oak,  canyon  live  (Quercus  chryso- 

5.1 

13 

5.0 

.82 

865 

54 

837 

11, 900 

1,033 

14, 700 

127.2 

1, 810 

.61 

' 8.67 

.55 

7.8 

lepsis),  California. 

Oak,  chestnut  (Quercus  prinus), 

9.1 

23 

50 

9.5 

.68 

737 

46 

745 

10, 600 

1, 054 

15, 000 

115.2 

1,640 

.27 

3.85 

.81 

11.5 

Tennessee. 

Oak,  cow  (Quercus  michauxii), 

4.7 

12 

58 

11.3 

.68 

753 

47 

527 

7, 500 

1, 019 

14,500 

127.1 

1,810 

.12 

1.75 

.84 

11.9 

Louisiana. 

Oak,  laurel  (Quercus  laurifolia). 

4.3 

11 

61 

9.5 

.64 

705 

44 

612 

8, 700 

984 

14, 000 

124.4 

1, 770 

.17 

2.47 

.84 

12.0 

Louisiana. 

Oak,  Pacific  post  (Quercus  garry- 

6.3 

16 

49 

6.6 

.76 

817 

51 

548 

7,800 

823 

11, 700 

89.3 

1,270 

.19 

2.73 

.60 

8.5 

ana),  Oregon. 

Oak,  post  (Quercus  minor),  Ar- 

10.2 

26 

54 

11.2 

.68 

753 

47 

548 

7,800 

956 

13,600 

108.2 

1.540 

.16 

2.34 

.94 

13.3 

kansas,  Louisiana. 

Oak,  red  (Quercus  rubra),  Louisi- 

4.3 

11 

62 

10.9 

.63 

705 

44 

604 

8,600 

999 

14,200 

131.4 

1,870 

.16 

2.32 

.94 

13.3 

ana,  Arkansas,  Indiana,  Ten- 
nessee. 

Oak,  Spanish  (highland)  (Quer- 

7.9 

20 

46 

10.1 

.60 

656 

41 

450 

6,400 

830 

11,800 

109.6 

1,560 

.11 

1.55 

.68 

9.7 

cus  digitata),  Louisiana. 

Oak,  Spanish  (lowland)  (Quercus 

2.8 

7 

63 

10.0 

.69 

753 

47 

844 

12,000 

1,363 

19,400 

166.0 

2,360 

.24 

3.45 

1.32 

18.8 

_pagodaefolia),  Louisiana. 

Oak,  water  (Quercus  nigra), 

3.9 

10 

61 

10.8 

.64 

705 

44 

647 

9,200 

1, 124 

16,000 

144.6 

2,060 

.17 

2.36 

1.59 

22.6 

Louisiana. 

Oak,  white  (Quercus  alba),  Ar- 

6.7 

17 

60 

11.5 

.69 

758 

48 

584 

8,300 

1,069 

15,200 

125.0 

1,780 

.16 

2.31 

1.04 

14.8 

kansas,  Louisiana,  Indiana. 

Oak,  willow  (Quercus  phellos), 

5.5 

14 

56 

9.8 

.72 

785 

49 

752 

10,700 

1, 153 

16,400 

143.4 

2,040 

.22 

3. 18 

1.12 

16.0 

Louisiana. 

Oak,  yellow  (Quercus  velutina), 

5.5 

14 

62 

11.6 

.61 

673 

42 

562 

8,000 

992 

14, 100 

116.0 

1,650 

.15 

2. 18 

.96 

13.7 

Arkansas,  Wisconsin. 
Persimmon  (Diospyros  virginiana), 

5.5 

14 

5.5 

.81 

849 

53 

1082 

15,400 

1,666 

23,700 

173.0 

2,460 

.40 

5.70 

1.19 

16.9 

Missouri. 

Poplar,  yellow  (Liriodendron  tu- 

5.5 

! 14 

6.1 

.41 

433 

27 

591 

8,400 

830 

11,800 

113.1 

1,610 

.18 

2.52 

.53 

7.5 

lipifera),  Tennessee. 
Rhododendron,  great  (Rhododen- 

11.0 

28 

4.6 

' .63 

656 

41 

591 

8,400 

1, 012 

14, 400 

89.3 

1, 270 

.22 

3. 09 

.88 

12.5 

dron  maximum),  Tennessee. 
Sassafras  (Sassafras  sassafras). 

7.5 

19 

48 

6.8  .46 

497 

31 

542 

7,700 

745 

10, 600 

85.8 

1, 220 

.19 

2. 71 

.67 

9.5 

Tennessee. 

Serviceberry  (Amelanchier  cana- 

7.5 

19 

8.4 

.77 

833 

52 

942 

13,400 

1,406 

20, 000 

137. 7 

1, 960 

.34 

4. 88 

1.39 

19.8 

densis),  Tennessee. 
Silverbell-tree  (Mohrodendrum 

7.9 

20 

6.1 

.47 

497 

31 

513 

7,300 

689 

9,800 

98.4 

1,400 

.16 

2. 22 

.44 

6.2 

carolinum),  Tennessee. 
Sourwood  (Oxydendrum  arbor- 

9.5 

24 

6.8 

.57 

608 

38 

766 

10, 900 

970 

13,800 

115.2 

1,640 

.27 

3. 87 

.80 

11.4 

eum),  Tennessee. 

Sumac,  staghorn  (Rhus  hirta), 

3.5 

9 

61 

8.0 

.48 

513 

32 

732 

10, 400 

851 

12, 100 

95.0 

1, 350 

.32 

4. 50 

.55 

7.8 

Wisconsin. 

Sngarberry  (Celtis  mississippi- 

6.7 

17 

38 

5.0 

.54 

560 

35 

668 

9,500 

914 

13,000 

99.2 

1,410 

.30 

4.  23 

.75 

10.7 

ensis),  Missouri. 

Sycamore  (Platanus  occidentalis), 

6.3 

16 

77 

9.2 

.50 

545 

34 

534 

7,600 

795 

11,300 

1C6.1 

1,510 

.15 

2. 20 

.65 

9.2 

Indiana,  Tennessee. 

Umbrella,  Fraser  (magnolia 

5.9 

15 

6.4 

.47 

497 

31 

654 

9,300 

893 

12, 700 

106.9 

1,520 

.23 

3.27 

.77 

10.9 

fraseri),  Tennessee. 

Walnut,  black  (Juglans  nigra). 

4.7 

12 

4.8 

.57 

592 

37 

1020 

14, 500 

1,259 

17,900 

128.0 

1,820 

. 45 

6.  43 

.65 

9.2 

Kentucky. 

! 
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Impact  bending. 

Height 
of  drop 
causing 
complete 
failure; 
11.03  kg 
(50-lb.) 
hammer. 

Compression  parallel 
to  grain. 

Compres- 
sion perpen- 
dicular to 
grain;  fiber 
stress  at 
elastic  limit. 

Shearing 
strength 
parallel  to 
the  grain. 

Tensile 
strength 
perpen- 
dicular to 
grain. 

Hardness,  load  re- 
quired to  embed  a 1.13 
cm  (0.444  in.)  ball  to 
one-half  its  diameter. 

Fiber  stress 
at  elastic 
limit. 

Work  in 
bending 
to  elastic 
limit. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

a 

d 

a 

d 

O 

a 

d 

1 

d 

a 

d 

a 

0 

d 

a 

4 

a 

S 

X 

d 

X 

d 

a 

« 

d 

bO 

X 

d 

bC 

X 

d 

X 

d 

*3) 

X 

d 

^S) 

X 

d 

bO 

X 

d 

bO 

d 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

1,054 

15,000 

0.66 

9.4 

61.0 

24 

394 

5,600 

464 

6,600 

83.0 

1, 180 

120.2 

1,710 

34.4 

490 

626 

1,380 

341 

750 

1, 343 

19, 100 

.65 

9.3 

83.9 

33 

426 

6,060 

602 

8, 570 

113.9 

1,620 

172.2 

2,450 

54.2 

770 

908 

2,000 

649 

1,430 

1, 075 

15,300 

.60 

8.6 

68.6 

27 

260 

3,700 

467 

6,640 

117.3 

1,670 

135.0 

1,920 

45.7 

650 

663 

1,  460 

645 

1,420 

647 

9,200 

.29 

4.2 

30.5 

12 

312 

4, 440 

592 

8, 420 

130.8 

1,860 

120.2 

1,710 

58.4 

830 

617 

1, 360 

581 

1,280 

1, 005 

14. 300 

.47 

6.7 

81.3 

32 

570 

8, 100 

939 

13,360 

203.0 

2,890 

192.5 

2, 740 

105.5 

1,500 

1, 525 

3, 360 

1,430 

3,150 

1, 490 

21, 200 

.63 

9.0 

106.7 

42 

371 

5,  280 

551 

7,840 

83.0 

1, 180 

112.5 

1,600 

106. 1 

1, 510 

608 

1,340 

545 

1, 200 

1,350 

19,  200 

.57 

8.1 

104.2 

41 

311 

4, 420 

533 

7, 580 

99.9 

1,420 

154.0 

2,190 

49.2 

700 

595 

1, 310 

572 

1,  260 

1, 069 

15, 200 

.41 

5.9 

99.1 

39 

371 

5,280 

578 

8, 230 

104.6 

1,490 

142.6 

2, 030 

55.5 

790 

581 

1, 280 

572 

1,  260 

893 

12, 700 

.40 

5.7 

58.4 

23 

353l 

5,020 

602 

8,570 

180.0 

2, 560 

155.2 

2,210 

56.9 

810 

949 

2, 090 

808 

1,780 

1,251 

17,800 

.60 

8.6 

116.9 

46 

278 

3,960 

484 

6,890 

133.5 

1,900 

133.5 

1,900 

54.8 

780 

618 

1,360 

632 

1,390 

1,300 

18,500 

.64 

9.1 

99.1 

39 

324j 

4,610 

518 

7,370 

85.1 

1,210 

123.6 

1,760 

j 54.8 

780 

681 

1,500 

595 

1,310 

1,160 

16,500 

.58 

8.3 

66.1 

26 

213; 

3,030 

478 

6,800 

82.9 

1,180 

107.5 

1,530 

36.5 

520 

477 

1,050 

499 

1,100 

1,771 

25,200 

.93 

13.2 

124.4 

49 

493 

7,010 

683 

9,720 

121.5 

1,730 

152.5 

2,170 

60.4 

860 

645 

1,640 

699 

1,540 

1,364 

19, 400 

.60 

8.6 

111.8 

44 

276 

3,930 

506 

7,200 

92.9 

1,320 

141.3 

2,010 

66. 1 

940 

658 

1,450 

554 

| 1,220 

1,210 

17,200 

.53 

7.6 

96.6 

38 

306 

4,350 

535 

7,610 

94.2 

1,340 

147.0 

2,090 

56.2 

800 

699 

1,540 

622 

1,370 

1,230 

17,500 

.65 

9.3 

111.8 

44 

345 

4,910 

578 

8,230 

115.2 

1,640 

126.5 

1,800 

100.5 

1, 430 

695 

1,530 

736 

1,620 

1,012 

14,400 

.45 

6.4 

104.2 

41 

336 

4,780 

468 

6,660 

81.6 

1,160 

138.5 

1,970 

57.6 

820 

636 

1,400 

549 

1,210 

1,574 

22,400 

.82 

11.7 

88.9 

35 

647 

9,210 

987 

14,050 

275.0 

3,910 

187.5 

2,670 

106.9 

1,520 

1,694 

3,730 

1,444 

3, 180 

1,300 

18,600 

.63 

8.9 

55.9 

22 

314 

4,470 

526 

7,480 

52.0 

740 

82.3 

1,170 

40.1 

570 

268 

590 

204 

450 

647 

9, 200 

.23 

3.3 

40.7 

16 

387 

5, 510 

658 

9, 360 

135.0 

1,920 

62.6 

890 

823 

11, 700 

.43 

6.1 

78.8 

31 

244 

3, 470 

426 

6, 060 

103.4 

1,470 

97.0 

1, 380 

43.6 

620 

304 

670 

313 

690 

1,722 

24,500 

.86 

12.3 

147.4 

58 

608 

8,640 

775 

11, 020 

161.6 

2, 300 

120.9 

1,720 

1, 130 

2,490 

921 

2,030 

1, 124 

16,000 

.56 

8.0 

58.4 

23 

304 

4,330 

484 

6, 890 

60.4 

860 

92.1 

1,310 

33.7 

480 

482 

1, 060 

295 

650 

1, 455 

20, 700 

.81 

11.5 

96.6 

38 

394 

j 5,600 

576 

8, 190 

96.3 

1, 370 

118.0 

1,680 

31.6 

450 

, 763 

1, 680 

482 

1,060 

398 

5 660 

545 

7, 750 

96.4 

1 370 

426 

960 

327 

720 

992 

14,100 

.52 

7.4 

94.0 

37 

419 

5,960 

594 

8,450 

141.3 

2, 010 

101.9 

1,450 

49.2 

700 

1 *~D 
745 

1,640 

504 

1,110 

760 

10,800 

.28 

4.0 

71.2 

28 

301 

4,260 

441 

6,280 

71.0 

1,010 

102.5 

1, 460 

52.7 

750 

441 

970 

368 

810 

1,152 

16, 400 

.52 

7.4 

71.2 

28 

367 

5,220 

527 

7,500 

59.1 

840 

94.2 

1,340 

55.5 

790 

445' 

930 

313 

690 

j 1,363 

19,400 

.79 

11.3 

83.9 

33 

554 

7,880i  750 

10,660 

137.8 

j 1, 960 

104.0 

1,480 

! 54.8 

780 

1 504 

1,110 

490 

1,080 

190 
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TABLE  4<5. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


Common  and  botanical  name 
and  locality  where  grown. 

Num- 
ber of 
rings. 

| Percentage  of  summer  wood. 

I Percentage  of  moisture  content  deter- 

mined at  100°  C.  (212°  F.). 

Specific  gravity  oven  dry  (100°  C.  or  1 

212°  F.)  based  on  volume  when  air  drv. 

Weight 

(air 

dry). 

Static  bending. 

Fiber 
stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus 
of  elasticity. 

Work  in  bending. 

To 

elastic 

limit. 

To  maxi- 
mum 
load. 

Per  cm 

Per  in. 

JB 

'Si 

£ 

a 

d 

£ 

a 

44 

d 

£ 

a 

44 

5 

d 

£ 

£ 

g 

1 

bfl 

44 

in.  lb./in.» 

kgcm/cm 8 

d 

£ 

d 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

HARDWOODS — Continued. 

Willow,  black  (Salix  nigra),  Wis- 

2.0 

5 

6.4 

0.38 

417 

26 

394 

5,600 

534 

7,600 

58.4 

830 

0. 17 

2.45 

0.48 

6.8 

consin,  Missouri. 

Willow,  western  black  (Salix  Iasi- 

2.0 

5 

4.0 

.47 

497 

31 

562 

8,000 

781 

11,100 

108.2 

1,540 

.17 

2.39 

.59 

8.4 

andra),  Oregon. 

Witch-hazel  (Hamamelis  virgin!- 

5.5 

14 

5.1 

.65 

689 

43 

844 

12,000 

1,428 

20,300 

116.6 

1,660 

.34 

4.85 

1.53 

21.8 

ana),  Tennessee. 

1 

CONIFERS. 

Cedar  incense  (Libocedrus  decur- 

6.7 

17 

30 

5.  i 

.36 

386 

24 

52C 

7,400 

661 

9,400 

91.4 

1,300 

.16 

2.31 

.34 

4.9 

rens),  California,  Oregon. 

Cedar,  Port  Orford  (Chamaecy- 

9.5 

24 

25 

9.0 

.45 

497 

31 

626 

8,900 

1,020 

14,500 

143.4 

2,040 

.16 

2.25 

paiis  lawsoniana),  Oregon. 

Cedar,  western  red  (Thuja  pli- 

7.9 

20 

36 

7.4 

.34 

352 

22 

429 

6, 100 

619 

8,800 

87.9 

1,250 

.12 

1.68 

.45 

6.4 

cata),  Washington,  Montana. 

Cedar,  white  (Thuja  occidentals), 

9.1 

23 

36 

11.2 

.31 

352 

22 

358 

5,100 

471 

6,700 

56.9 

810 

.13 

1.84 

.33 

4.7 

Wisconsin. 

Cypress,  bald  (Taxodium  disti- 

6.3 

16 

31 

9.0 

.44 

481 

30 

6121 

8,700 

794 

11,300 

108.3 

1,540 

.21 

3.03 

.51 

7.3 

chum),  Louisiana,  Missouri. 

Cypress,  yellow  (Chamaecyparis 

12.2 

31 

5.5 

.43 

448 

28 

632 

9,000 

900 

12,800 

100.5 

1,430 

.24 

3.37 

.60 

8.5 

nootkatensis),  Oregon. 

Douglas  fir  (Pseudotsuga  taxi- 

8.7 

22 

27 

9.4 

.44 

481 

30 

485 

6,900 

724 

10,300 

102.5 

1,460 

.13 

1.83 

.46 

6.5 

folia),  Montana,  Wyoming. 

Douglas  fir  (Pseudotsuga  taxi- 

5.1 

13 

35 

6.2 

.51 

545 

34 

745 

10,600 

984 

14,000 

155.2 

2,210 

.21 

2.94 

.59 

8.4 

folia),  Washington,  Oregon. 

Fir,  Alpine  (Abies  lasiocarpa), 
Colorado. 

5.9 

15 

14 

15.9 

.32 

368 

23 

337 

4,800 

422 

6,000 

62.6 

890 

.12 

1.73 

.24 

3.4 

Fir,  ainabiiis  (Abies  amabilis), 

4.7 

12 

36 

9.3 

.39 

433 

27 

492 

7,000 

745 

10,600 

112.4 

1,600 

.12 

1.73 

.72 

10.3 

Washington. 

! 

Fir,  balsam  (Abies  balsamea), 

4-7 

12 

26 

4.8 

.38 

400 

25 

513 

7,300 

696 

9,900 

101.3 

1,440 

.15 

2. 11 

.38 

5.4 

Wisconsin. 

Fir,  grand  (Abies  grandis),  Mon- 

7.1 

18 

30 

6.8 

.41 

433 

27 

499 

7,100 

773 

11,000 

125.8 

1,790 

.12 

1. 66 

.58 

8.3 

tana,  Oregon. 

Fir,  noble  (Abies  nobiiis),  Oregon. 

9.1 

23 

17 

8.4! 

.39 

417 

26 

542 

7,700 

844 

12,000 

123.0 

1,750 

.13 

1.92 

.66 

9.4 

Fir,  white  (Abies  concolor),  Cali- 

3.9 

10 

30 

9. 6 

.38 

417 

26 

492 

7,000 

689 

9,800 

104.7 

1,490 

.13 

1.86 

.39 

5.5 

fornia. 

Hemlock,  black  (Tsuga  merten- 

9.1 

23 

45 

8.  oj 

.46 

497 

31 

520 

7,400 

802 

11,400 

83.0 

1,180 

.19 

2. 74 

.64 

9.1 

siana),  Montana. 

Hemlock,  eastern  (Tsuga  cana- 

7.9 

20 

34 

8.6! 

.42 

448 

28 

506 

7,200 

682 

9,700 

91.4 

1,300 

.16 

2.32 

.41 

5.8 

densis),  Tennessee,  Wisconsin. 

Hemlock,  western  (Tsuga  hetero- 

3.9 

10 

27 

5. 4! 

.42 

448 

28 

562 

8,000 

759 

10,800 

106.8 

1,520 

.17 

2.48 

.43 

6.1 

phylla),  Washington. 

Larch,  western  (Larix  occiden- 

14.2 

36 

37 

8.3! 

.54 

577 

36 

710 

10, 100 

949 

13,500 

128.5 

1,830 

.22 

3.06 

.58 

8.2 

talism  Montana,  Washington. 

Pine,  Cuban  (Pinus  heteropnylla), 

6.7 

17 

44 

8.8 

.66 

721 

45 

872 

12,400 

1,285 

18,300 

156.0 

2,220 

.27 

3.83 

.92 

13.1 

r lonua* 

Pine,  jack  (Pinus  divaricata), 

2.8 

7 

30 

6.1 

.44 

465 

29 

457 

6,500 

682 

9,700 

98. 5 

1,400 

.13 

1.81 

.36 

5.1 

Wisconsin. 

Pine,  Jeffrey  (Pinus  jeffreyi). 

7.1 

18 

23 

8. 7 

.41 

448 

28 

619 

8,800 

766 

10,900 

92.1 

1,310 

.24 

3.42 

.50 

7.1 

California. 

Pine,  loblolly  (Pinus  taeda), 

3.5 

9 

42 

6.5 

.57 

608 

38 

823 

11,700 

1,096 

15,600 

149.6 

2, 130 

.26 

3.70 

.63 

9.0 

Florida. 

Pine,  lodgepole  (Pinus  contorta), 

9.5 

24 

22 

7. 1 

.43 

448 

28 

632 

9,000 

809 

11,500 

102.6 

1,460 

.23 

3.24 

.53 

7.6 

Montana,  Wyoming,  Colorado. 

Pine,  longleaf  (Pinus  palustris). 

7.1 

18 

38 

9.2! 

.66 

673 

42 

830 

11,800 

1,175 

16,700 

154.6 

2,200 

.25 

3.58 

.79 

11.3 

Florida,  Louisiana,  Mississippi. 

Pine,  Norway  (PiEus  resinosa), 

8.7 

22 

41 

12.5 

.48 

545 

34 

647 

9,200 

865 

12,300 

125.8 

1,790 

.19 

2.68 

.70 

9.9 

Wisconsin. 
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an  Air-Dry  Condition  in  the  Form  of  Small,  Clear  Pieces — Continued. 


Impact  bending. 

Height 
of  drop 
causing 
complete 
failure ; 
11.03  kg 
(50-lb.) 
hammer. 

Compression  parallel 
to  grain. 

Compres- 
sion perpen- 
dicular to 
grain;  fiber 
stress  at 
elastic  limit. 

Shearing 
strength 
parallel  to 
the  grain. 

Tensile 
strength 
perpen- 
dicular to 
grain. 

Hardness,  load  re- 
quired to  embed  a 1.13 
cm  (0.444  in.)  ball  to 
one-half  its  diameter. 

Fiber  stress 
at  elastic 
limit. 

Work  in 
bending 
to  elastic 
limit. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

a 

"3 

d 

£ 

a 

0 

f 

bfl 

JX 

d 

£ 

d 

s 

0 

d 

g 

3 

d 

£ 

a 

"m 

J4 

fl 

£ 

§ 

'So 

J* 

s 

£3 

a 

"3) 

d 

£ 

I 

*5) 

Jsi 

d 

£ 

to 

u 

£ 

to 

£ 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

SI 

32 

S3 

34 

35 

36 

37 

38 

647 

9,200 

0.34 

4.8 

41.7 

16 

202 

2,880 

353 

5,030 

49.9 

710 

94.2 

1,340 

33.0 

470 

309 

680 

227 

500 

977 

13,900 

.50 

7.1 

76.2 

30 

351 

5,000 

500 

7, 120 

64.7 

920 

99.1 

1,410 

46.4 

660 

558 

1,230 

332 

730 

453 

6,440 

592 

8,430 

152.5 

2,170 

1,163 

2,560 

881 

1,940 

780 

11, 100 

.37 

5.2 

43.2 

17 

450 

6,400 

506 

7,200 

59.0 

840 

63.3 

900 

19.0 

270 

472 

1,040 

236 

520 

1,236 

17,600 

.51 

7.2 

99.1 

39 

541 

7,700 

545 

7,750 

71.7 

1,020 

105.4 

1,500 

44.3 

630 

431 

950 

318 

700 

675 

9,600 

.24 

3.4 

40.7 

16 

379 

5,390 

444 

6,320 

49.2 

700 

64.7 

920 

12.7 

180 

341 

750 

173 

380 

506 

7,200 

.20 

2.8 

30.5 

12 

200 

2,840 

291 

4,140 

27.4 

390 

63.3 

900 

16.9 

240 

213 

470 

154 

340 

788 

11,200 

.33 

4. 7 

66.1 

26 

419 

5,970 

540 

7,690 

64.0 

910 

76.0 

1,080 

19.7 

1,280 

363 

800 

250 

550 

1,026 

14,600 

.56 

7.9 

73.7 

29 

547 

7,780 

568 

8,080 

67.5 

960 

78.8 

1,120 

30.2 

430 

368 

810 

266 

580 

935 

13,300 

.39 

5.6 

71.2 

28 

374 

5,320 

498 

7,090 

66.7 

950 

76.0 

1,080 

22.5 

320 

341. 

750 

300 

660 

1,005 

14,300 

.38 

5.4 

83.9 

33 

651 

9,260 

751 

10,680 

85.8 

1,220 

89.3 

1,270 

23.2 

330 

418 

920 

368 

810 

471 

6, 700 

. 15 

2. 1 

35.5 

14 

230 

3, 270 

239 

3,400 

35.1 

500 

71.0 

1,010 

191 

420 

154 

340 

837 

11,900 

.37 

5.3 

61.0 

24 

356 

5,070 

460 

6,540 

40.8 

580 

83.0 

1,180 

20.4 

290 

327 

720 

213 

470 

597 

8, 500 

.20 

2.9 

58.4 

23 

467 

6, 640 

37.3 

530 

55.5 

790 

12.7 

180 

336 

740 

227 

500 

984 

14,000 

.41 

5.8 

81.3 

32 

420 

5,970 

496 

7,060 

59.7 

850 

70.3 

1,000 

13.4 

190 

372 

820 

254 

560 

879 

12,500 

.32 

4.6 

68.6 

27 

432 

6, 140 

509 

7,240 

59.7 

850 

76.6 

1,090 

9.1 

130 

391 

860 

213 

470 

591 

8,400 

.23 

3.2 

35.5 

14 

294 

4,180 

432 

6, 150 

50.4 

720 

74.5 

1,060 

18.3 

260 

354 

780 

209 

460 

1,096 

15,600 

.56 

7.9 

91.5 

36 

306 

4,360 

528 

7,510 

99.8 

1,420 

88.6 

1,260 

23.9 

340 

586 

1,290 

313 

690 

879 

12,500 

.42 

6.0 

61.0 

24 

368 

5,240 

496 

7,060 

74.5 

1,060 

81.6 

1,160 

13.4 

190 

391 

860 

222 

490 

914 

13,000 

.42 

6.0 

66.1 

26 

547 

7,780 

556 

7,910 

58.3 

830 

82.3 

1,170 

11.9 

170 

463 

1,020 

282 

620 

1,195 

17,000 

.60 

8.6 

86.4 

34 

592 

8,420 

677 

9,640 

90.0 

1,280 

107.5 

1,530 

23.9 

340 

627 

1,380 

395 

870 

1,265 

18,000 

.51 

7.2 

106.6 

42 

644 

9,160 

836 

11,890 

113.9 

1,620 

135.0 

1,920 

45.7 

650 

545 

1,200 

527 

1,160 

921 

13,100 

.39 

5.6 

94.0 

37 

546 

7,770 

80.9 

1,150 

93.5 

1,330 

30.9 

440 

395 

870 

336 

740 

999 

14,200 

.44 

6.2 

73.7 

29 

365 

5,200 

490 

6,980 

70.3 

1,000 

101.9 

1,450 

28.8 

410 

336 

740 

250 

550 

1,040 

14,800 

.41 

5.9 

66.1 

26 

561 

7,980 

794 

11,300 

112.4 

1,600 

120.9 

1,720 

26.0 

370 

468 

1,030 

381 

840 

759 

10,800 

.33 

4.7 

50.8 

20 

441 

6,270 

513 

7,300 

78.7 

1,120 

68.9 

980 

26.7 

380 

291 

640 

227 

500 

1,052 

16,400 

.46 

6.6 

81.3 

32 

650 

9,250 

765 

10,880 

117.4 

1,670 

115.3 

1,640 

29.5 

420 

518 

1,140 

463 

1,020 

1,062 

15, 100 

.44 

6.3 

63.5 

25 

398 

5,660 

498 

7,080 

58.3 

830 

88.6 

1,260 

33.0 

470 

318 

700 

272 

600 
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TABLE  46. — Results  of  Tests  on  126  Species  of  Wood  Tested  in 


s 

oJ 

•d 

-T3 
O u 

0 « 
IS 

Static  bending. 

ber  of 
rings. 

o 

O 

£ 

§2 

<u 

So 

•2o 

sr 
_ « 

Vj  © 

^a 

W Cl&All 

(air 

dry). 

Fiber 

Work  in  bending. 

Common  and  botanical  name 
and  locality  where  grown. 

<D 

3 

3 

2 

O 

<D  O 

:S 

m ® 

stress  at 
elastic 
limit. 

Modulus 
of  rupture. 

Modulus 
of  elasticity. 

To 

elastic 

limit. 

To  maxi- 
mum 
load. 

Per  cm 

Per  in. 

<L> 

fcO 

.2 

fl 

O) 

p 

4> 

04 

© (U 

be  fl 

fi 

<D 

O 

<1) 

04 

a»S 

o ^ 

O0 

tb 

C0  CM 

a 

be 

a 

~bfl 

X 

a 

jO 

a 

~bC 

X 

a 

•Q 

I 

be 

X 

g 

4 

•Q 

3 

a 

i 

.bd 

a 

g 

a 

a 

o 

a 

be 

4 

3 

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

CONIFERS — Continued. 

Pine,  pitch  (Pinus  rigida),  Tenn- 

4.7 

12 

30 

7.6 

0.52 

560 

35 

548 

7,800 

872 

12,400 

105.4 

1,500 

0. 18 

2.56 

0.61 

8.7 

essee. 

Pine,  pond  (Pinus  serotina), 

5.1 

13 

35 

6.2 

.56 

592 

37 

794 

11,300 

1,027 

14, 600 

144.0 

2,050 

.24 

3. 43 

.65 

9.2 

Florida. 

Pine,  shortleai  (Pinus  echinata), 

3.9 

10 

40 

11.0 

.54 

608 

38 

647 

9, 200 

977 

13, 900 

138.4 

1,970 

.17 

2. 46 

.71 

10.1 

Arkansas,  Louisiana. 

Pine,  sugar  (Pinus  lambertiana), 

4.7 

12 

34 

11.4 

.37 

417 

26 

450 

6,400 

604 

8, 600 

85.1 

1, 210 

.13 

1.79 

.35 

5.0 

California. 

Pine,  table  mountain  (Pinus  pun- 

5.9 

15 

29 

8.0 

.53 

577 

36 

661 

9, 400 

942 

13, 400 

116.0 

1, 650 

.22 

3.06 

.63 

8.9 

gens),  Tennessee. 

Pine,  western  white  (Pinus  mon- 

11.0 

28 

33 

7.9 

.43 

464 

29 

555 

7,900 

808 

11, 500 

118.8 

1, 690 

.15 

2. 17 

.70 

10.0 

ticola),  Montana. 

Pine,  western  yellow  (Pinus  pon- 

7.9 

20 

22 

10.8 

.41 

448 

28 

485 

6,900 

689 

9, 800 

94.2 

1,340 

.15 

2. 13 

.45 

6.4 

derosa),  Colorado,  Montana, 
Arizona,  Washington,  California. 
Pine,  white  (Pinus  strobus),  Wis- 

6.3 

16 

31 

9.9 

.39 

433 

27 

492 

7,000 

675 

9,600 

99.8 

1,  420 

.14 

2.04 

.45 

6.4 

consin. 

Spruce,  Engelmann  (Picea,  engel- 

5.5 

14 

14 

14.8 

.32 

384 

24 

316 

4,500 

478 

6, 800 

72.4 

1,030 

.077 

1.09 

.38 

5.4 

manni),  Colorado. 

Spruce,  red  (Picea  rubens),  New 

6.7 

17 

32 

10.8 

.41 

448 

28 

520 

7, 400 

760 

10,800 

109.0 

1,550 

.14 

1.97 

.61 

8.7 

Hampshire,  Tennessee. 

Spruce,  Sitka  (Picea  sitchensis). 

3.5 

9 

24 

8.9 

.38 

417 

26 

506 

7, 200 

788 

11, 200 

113.3 

1, 610 

.13 

1.78 

.73 

10.4 

Washington. 

Spruce,  white  (Picea  canadensis), 

5.5 

14 

27 

9.6 

.40 

448 

28 

415 

5,900 

647 

9,200 

97.8 

1,390 

.10 

1.40 

.58 

8.2 

New  Hampshire,  Wisconsin. 
Tamarack  (Larix  laricina),  Wis- 

7.9 

20 

38 

11.0 

.53 

592 

37 

590 

8,400 

844 

12, 000 

118.  0 

1, 680 

.17 

2.35 

.50 

7.1 

consin. 

Yew,  western  (Taxus  brevifolia), 

10.6 

27 

9.2 

.63 

689 

43 

710 

10,100 

1, 180 

16, 800 

102.8 

1, 460 

.28 

3. 94 

1.29 

18.4 

Washington. 
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an  Air-Dry  Condition  in  the  Form  of  Small,  Clear  Pieces — Continued. 


Impact  banding. 

Height 
of  drop 
causing 
complete 
failure ; 
11.03  kg 
(50-lb.) 
hammer. 

Compression  parallel 
to  grain. 

Compres- 
sion perpen- 
dicular to 
grain;  fiber 
stress  at 
elastic  limit. 

Shearing 
strength 
parallel  to 
the  grain. 

Tensile 
strength 
perpen- 
dicular to 
grain. 

Hardness,  load  re- 
quired to  embed  a 1.13 
cm  (0.444  in.)  ball  to 
one-half  its  diameter. 

Fiber  stress 
at  elastic 
limit. 

Work  in 
bending 
to  elastic 
limit. 

Fiber 
stress  at 
elastic 
limit. 

Maximum 

crushing 

strength. 

End. 

Side. 

a 

a 

d 

# 

£ 

a 

d 

a 

d 

a 

d 

a 

0 

a 

a 

0 

d 

"2 

2x3 

£ 

X 

d 

a 

0 

d 

"3 

Jad 

£ 

to 

JX 

£ 

£ 

3 

x 

£ 

"3 

£ 

bC 

£ 

to 

X 

£ 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

3 5 

36 

37 

38 

1,210 

17,200 

0.75 

10.7 

71.2 

28 

316 

4,490 

534 

7,600 

82.3 

1,170 

117.4 

1,670 

40.8 

580 

372 

820 

313 

690 

1, 104 

15,700 

.44 

6.3 

66.1 

26 

578 

8, 220 

752 

10, 690 

111.0 

1,580 

121.0 

1,720 

28.8 

410 

463 

1, 020 

404 

890 

1, 166 

16,600 

.46 

6.5 

91.5 

36 

498 

7, 080 

608 

8, 660 

92.1 

1,310 

97.8 

1, 390 

28.8 

410 

427 

940 

399 

880 

710 

10,100 

.30 

4.3 

43.2 

17 

333 

4, 740 

365 

5,190 

45.0 

640 

75.9 

1, 080 

24.6 

350 

295 

650 

209 

460 

1 116 

15  900 

.53 

7.6 

73. 7 

29 

320 

4,  560 

597 

8, 500 

107.  6 

1, 530 

90.7 

1,  290 

377 

830 

331 

730 

1 046 

14,900 

.41 

5.8 

73.7 

29 

408 

5,810 

551 

7, 840 

56.9 

810 

41.4 

590 

213 

470 

191 

420 

703 

10,000 

.29 

4.1 

40.7 

16 

316 

4,  490 

421 

5,990 

53.4 

760 

81.6 

1, 160 

28.8 

410 

259 

570 

209 

460 

654 

9,300 

.23 

3.3 

45.7 

18 

356 

5,070 

447 

6,360 

53.4 

760 

75.2 

1, 070 

23.9 

34ft 

277 

610 

213 

470 

584 

8 300 

. 22 

3. 2 

38. 1 

15 

209 

2, 980 

268 

3, 810 

36.5 

520 

64.0 

910 

177 

390 

132 

290 

851 

12,100 

.34 

4.9 

71.2 

28 

385 

5, 470 

448 

6,380 

43.6 

620 

81.6 

1, 160 

26.7 

380 

304 

670 

232 

510 

977 

13  900 

. 37 

5.2 

63.5 

25 

406 

5, 770 

71.0 

1, 010 

85. 1 

1, 210 

354 

780 

241 

530 

682 

9, 700 

.25 

3.5 

50.8 

20 

325 

4,620 

423 

6,020 

41.5 

590 

68.2 

970 

24.6 

350 

345 

760 

254 

560 

914 

13,000 

.40 

5.7 

58.4 

23 

362 

5,150 

534 

7,  590 

76.0 

1,080 

96.3 

1, 370 

28.8 

410 

327 

720 

291 

640 

837 

11,900 

.37 

5.3 

76.2 

30 

332 

4, 720 

648 

9,220 

188.3 

2,  680 

174.2 

2,480 

28.8 

410 

1,058 

2,330 

818 

1,800 

65516°— 24 13 
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TABLE  47.— Approximate  Figures  for  Change  of  Properties  of  Woods  With  Change  of  Moisture 
Content;  Variation  of  Property  With  Specific  Gravity. 

[For  use  with  Tables  45  and  46.] 


Property. 

Average 
increase  (or 
decrease)  in 
value 

effected  by 
lowering  (or 
raising)  the 
moisture 
content  1 per 
cent  when 
at  about  12 
per  cent. 

Approximate 
power  of 
specific 
gravity 
according 
to  which 
property 
varies. 

Shrinkage 

Per  cent. 

1 

Static  bending: 

Fiber  stress  at  elastic  limit  

6 

1 

Modulus  of  rupture  

4 

1 

Modulus  of  elasticity 

2 

1 

Work  to  elastic  limit  

8 

2 

Work  to  maximum  load 

— 1 1 

2 

Impact  bending: 

Fiber  stress  at  elastic  limit 

4 

1 

Work  to  elastic  limit 

5 

2 

Height  of  drop  

— 1 3 

2 

Compression  parallel  to  grain: 

Fiber  stress  at  elastic  limit 

5 

1 

finishing  strength  

4 

1 

Compression  perpendicular  to  grain : 

Fiber  stress  at  elastic  limit  

6 

2 

Hardness,  end 

3 

2 

Hardness,  side 

1 

2 

Shearing  strength  parallel  to  grain 

4 

1 

Tension  perpendicular  to  grain 

1 

2 

1 Minus  indicates  decrease  effected  by  lowering  moisture  contents. 
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In  view  of  the  volume  of  this  circular  and  a considerable  number  of 
graphical  charts  scattered  through  it,  the  cross  references  have  been  made 
fairly  complete. 

However,  the  general  arrangement  of  materials  made  it  unnecessary 
to  indicate  where  a particular  property  of  a given  material  is  mentioned. 

This  index  will  locate  an  individual  property  only  when  it  is  found  in 
a table  or  chart  separate  from  the  main  table  of  properties  of  the  material. 

The  reader  should  consult  first  the  material  in  question  and  then  the 
key  words  for  individual  properties,  which  may  be  given  separately  some- 
where else. 
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Abbreviations 6 

Admiralty  gun  metal 52,53 

Aich’s  metal 60 

Alloy  “A” 20 

Alloy  “B" 20 

Alloy  “C” 20 

Alloy  “D” , . 22 

Alloy  “E” 28 

Alloy  “H” 22 

Alloy  “Iv-5” 27 

Alloy  “Y” •. 23 

Alloy  No.  5 41 

Alloy  No.  10 22 

Alloy  No.  11 21 

Alloy  No.  12 19 

Alloy  No.  17-S 22 

Alloy  3/20 28 

Alloy  steels,  definitions  and  uses 101-103 

Alpax 26 

Aluminum  brass 58 

Aluminum  bronze 38,39,40,41,139 

effect  of  temperature 154 

fatigue  properties 37 

Aluminum,  pure 16,17 

effect  of  temperature  on  tensile 

properties 18 

effect  of  low  temperature  on  hard- 
ness and  impact  resistance ....  138 

elasticity  at  high  and  low  tem- 
peratures  166,167 

Aluminum,  rivets 21 

sheet 18 

solder 13 1 

titanium  bronze 41 
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Aluminum,  Ag 27 

Cu  19,20,30 

Cu,  Fe,  Zn,  Ni 21 

Cu,  Mg 21 

Cu,  Mn 21,22 

Cu,  Ni,  Mg 23,24 

Cu,  Ni,  Mg,  Mn 24 

Cu,  Ni,  Mn 24 

Cu,  Sn 24 

Cu,  Zn,  Fe 24 

Mg 25 

Ni 25 

Ni,  Cu 26 

Si 26,27 

Ti 4r 

Zn 27,31 

Zn,  Cu 27,28 

Zn,  Cu,  Mn 28 

W 27 

Alzene 27 

Argental 27 

Antimony,  pure 29 


Babbitt 132 

Bearing  alloys 46 , 47 , 48 , 49 , 132 , 133 

compressive  properties  at  ele- 
vated temperatures 165 

tensile  properties  at  elevated 

temperatures 165 

Bearing,  ceco  metal 42 

Bearing  metal,  bronze 45 

Bearings,  car  journal 46,48,49 

Bell  metal 44 

Benedict  nickel 43 
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Berryllium.  See  Glucintim. 

Bismuth,  alloys 29 

pure 29 

elasticity  at  low  temperature. . . 167 

Boiler  plate,  effect  of  temperature  on 

tensile  properties 147,148 

impact  resistance 137 

Boron 29 

Brass 55»56, 57.60,137 

Brass,  aluminum 58 

effect  of  temperature  on  modulus  of 

elasticity  in  shear 166 

effect  of  temperature 154,155 

effect  of  low  temperature  on  hard- 
ness and  impact  resistance 138 

impact  properties 137 

naval 70,71 

Navy 71 

Navy,  effect  of  temperature  on  ten- 
sile properties 154 

nickel,  white 64 

tube,  effect  of  annealing  temperture . 168 

Brazin,  metal 57 

Britannia  metal 130 

Bronze,  aluminum 38,39,40,41,139 

effect  of  temperature 154 

fatigue  properties 37 

aluminum-titanium 4.x 

effect  of  temperature 154, 155 

English,  gear 50 

Lynux 42 

manganese 59,61,62,63, 139 

fatigue  properties 37 

effect  of  temperature 154 

Navy 53 

effect  of  temperature 154 

nickel 49 

phosphor 46,49,50,51,54 

elasticity  at  high  temperature. . 166 

semiplastic 44 

Silliman 40 

trolley  wire 54 

victor 58 

white 64 


Cadmium 29 

effect  of  temperature 149,156 

elasticity  at  high  and  low  temper- 
atures  166,167 

Carbon , effect  on  properties  of  iron 73 

effect  on  strength  of  steel 89,93 

Car-journal  bearings 46-49 
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Cast  iron 84 

effect  of  repeated  heating  and  cool- 
ing   146 

effect  of  temperature 146,154 

gray 84 

malleable 86 

effect  of  temperature 154 

white 84 

Ceco,  bearing  metal 42 

Cerium 32 

Chemical  symbols 7 

Chromium 32 

Cobalt,  pure 32 

effect  of  low  temperature  on 

hardness 138 

Cr,  Mo,  Fe,  Mn,  C 32 

Composition  “G” 51 

Constantan 42 

Conversion  factors 6 

Cooperite 129 

Copper,  cables 33 

nomenclature  of  alloys 37 

pnre 32-36 

effect  of  low  temperature  on 
hardness  and  impact  resist- 
ance   138 

effect  of  temperature 3 1 , 149 

elasticity  at  high  and  low  tem- 
peratures  166,167 

Al,  Fe 38,39,40 

Al,  Sn 40 

Al,  Ti 41 

Ce 41 

Fe,  Al 42 

Mn,  Ni 42 

Ni 42,43 

Ni,  Al 43 

Pb 42 

Pb,Sn 42 

Pb,  Sn,  Ni 42 

Sn 44,47,49,50 

Sn,  Ni,  Zn 49 

Sn,  P 49  > 5° 

Sn,  Pb 44,45 

Sn,  Pb,  P 45,46 

Sn,  Pb,  Zn 46,47,48 

Sn,  Pb,  Zn,  P 46 

Sn,  Si 51 

Sn,  Zn 51,52,53 

Sn,  Zn,  P 52,54 

Sn,  Zn,  Pb 53 

Zn 55»56,57 
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Copper,  Zn,  A1 58 

Zn,  Al,  Fe,  V 58 

Zn,  Al,  Mn,  Fe 58,59 

Zn,  Al,  Mn,  V 59 

Zn,  Fe 59,60,61 

Zn,  Fe,  Mn 61 

Zn,  Fe,  Sn 59 

Zn,  Fe,  Sn,  Al,  Mn 59, 61 

Zn,  Mn 62,63 

Zn,  Mn,  Fe 63 

Zn,  Ni 64,65,68 

Zn,  Ni,  W 69 

Zn,  Pb 61 

Zn,  Pb,  Sn 62 

Zn,Sn 69,70,71 

Zn,  Sn,  Fe 71 

Zn,  Sn,  Fe,  Al,  Mn 62 

Zn,  Sn,  Pb 71 

Definitions 9-15 

Delta  metal 61 

Dow  metal 124 

Drawing  temperature,  effect  on  tensile 

properties  of  steel 79-8 3 ,110,111,120 

Duralumin 22,137 

effect  of  cold  working 31 

effect  of  heat  treatment 23,30 

effect  of  low  temperature  on  hard- 
ness and  impact  resistance 138 

effect  of  temperature  on  tensile 

properties 30 

elasticity  at  high  temperature.  ...  166 

impact  properties 137 

Duralumin  rivets 23 

Durana  metal 69 

Elasticity  of  metals  at  high  and  low 

temperatures 166,167 

Electron  metal 124 

English  gear  bronze 50 

Fatigue  properties  of  aluminum  and 

manganese  bronzes 37 

Fatigue  properties  of  steel 139-145 

Ferronickel,  effect  of  low  temperature  on 

hardness  and  impact  resistance 138 

Ferrous  materials,  terminology 74-76 

Flow  of  steels  at  high  temperature 151 

Gear,  phosphor  bronze 49,50 

Genelite 72 

German  silver 68 

Glucinum 72 

Gold,  Cu 72 

Cu,  Ag 72 
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Gold,  pure 72 

elasticity  at  high  and  low  tem- 
peratures  166,167 

Government  bronze 5*, 53 

Gun  bronze 44,53 

Gun  metal 53 

admiralty 52 

leaded 44 

Hardness,  relation  to  tensile  strength  of 
steel 136 

Illium 126 

Impact  properties  of  metals..  137,138, 139, 167 
Impact  properties  of  steels,  effect  of  tem- 
perature  167 

Invar  1 13 

Iridium 72 

Iron,  Al 72,73 

Si ; 73 

and  steel  specifications,  S.  A.  E. .. . 77-83 

malleable 86 

effect  of  temperature 154 

pure 72 

effect  of  temperature  on  hard- 
ness and  impact  resistance . . . 138 

elasticity  at  high  and  low  tem- 
perature  166,167 

wrought 86,87,88 

effect  of  temperature  on  com- 
pressive properties 162 

Journal  bearings 46-49 

Lead,  Ba 123 

Sb 121,122 

pure 12 1 

effect  of  temperature 149,156 

effect  on  properties  of  copper  alloys  . 53 

elasticity  at  high  and  low  tem- 
peratures   166, 167 

Leaded  gun  metal 44 

Lipowitz’s  alloy 29 

Low  temperature,  effect  on  hardness  and 

impact  properties  of  metals 138 

effect  on  modulus  of  elasticity 167 

Lynite 20 

Lynux  bronze 42 

Magnalium 25 

Magnesium,  Al 124 

Zn 124 

effect  of  temperature 149,156 

elasticity  at  low  temperature 167 

pure 123,124 
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Major  metal 21 

Malleable  iron 86 

Malleable  cast  iron,  effect  of  tempera- 
ture  154 

Manganese 124 

bronze 59,61,62,63, 139 

effect  of  temperature 154 

fatigue  properties 37 

effect  on  properties  of  iron 73 

Manganin 42 

effect  of  temperature  on  modulus  of 

elasticity  in  shear 166 

Manila  rope 169 

Modulus  of  elasticity,  effect  of  tempera- 
ture  166,167 

Moisture  content,  effect  on  properties  of 

wood 194 

Molybdenum 124 

wire,  effect  of  temperature 160 

Monel  metal 126,127,128,137 

effect  of  temperature 153,154,155 

impact  properties 137 

Muntz  metal 56 

Music  wire 98 

Naval  brass 70.71 

Navy  brass 71 

Navy  gun  bronze 53 

Navy  valve  bronze 53 

Newton’s  alloy 29 

Nichrome 126 

Nickel,  Cr,  Cu,  Mo.  W 126 

Cu,  Fe,  Mn 126,127,128 

Fe,  Cr,  Mn 126 

Mn,  Fe,  Si 128 

Ta 129 

W,  Zr 129 

Nickel  brass,  white 64 

Nickel  bronze 49 

pine 125,126 

elasticity  at  high  and  low  tem- 
peratures  166,167 

effect  of  temperature.  149, 153,156, 161 

Nickel  silver 64,65,68,137 

effect  of  heat  treatment 66,67 

elasticity  at  high  temperature  . . 166 

impact  properties 137 

Nongram  52 

Palladium 129 

elasticity  at  high  and  low  tempera- 
tures  166,167 
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Partinium 27 

Phosphor  bronze 46,49,50,51,54 

elasticity  at  high  temperature . . 166 

Platinite 113 

Platinoid 69 

Platinum 129 

elasticity  at  high  and  low  tempera- 
tures   166, 167 

Red  brass 46,62 

Red  metal 57 

References,  list 194 

Rezistal 116 

Rhodium,  elasticity  at  low  tempera- 
ture   167 

Rivets,  alloy  3/20 28 

aluminum 21 

duralumin 23 

Roman  metal 42 

Rope,  manila 169 

wire 99, 100, 101 

Rose’s  metal 29 

Semisteel 84,85 

effect  of  temperature 154 

Silliman  bronze 40 

Silumin 27 

Silver,  Cu 130 

Cu,  Cd 130 

pure 129,130 

elasticity  at  high  and  low  tem- 
peratures  166,167 

Solder,  aluminum 13 1 

Specimens,  standard 10 

Stainless  iron 106 

steel 108,158 

effect  of  temperatures 158 

effect  of  drawing  temperature . . no 

Steel,  Cr 105, 106 

Cr,  effect  of  heat  treatment 105 

Cr,  effect  of  temperature 156 

Cr,  Mo 104 

Cr,  Mo,  effect  of  temperature 158 

Cr,  Mo,  V 104 

Cr,  Ni 106 

Cr,  Ni,  effect  of  drawing  tempera- 
ture   in 

Cr,  Ni,  effect  of  temperature  on 

compressive  properties 164 

Cr,  Ni,  Mo 106 

Cr,  V 107 
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Steel,  Cr,  V,  effect  of  drawing  tempera- 
ture   101 

Cr,  V,  effect  of  temperature 150,158 

Cr.  W,  impact  properties 137 

Co 107, 108 

Mn,  effect  of  temperature 157 

Mo 108, 109, 112 

Ni 112, 113, 137 

Ni,  effect  of  drawing  tempera- 
ture   80, 81,  in  ; 

Ni,  effect  of  temperature  on  tensile 

properties 153, 154, 157 

Ni,  effect  of  temperature  on  tor- 
sional properties 155 

Ni,  effect  of  temperature  on  im- 
pact resistance 167 

Ni,  effect  of  low  temperature  on 
hardness  and  impact  resistance.  . . 138 

Ni,  impact  properties 137 

Ni,  Cr,  effect  of  temperature  on 

tensile  properties 152,  159 

Ni,  Cr,  effect  of  temperature  on 

impact  resistance 167 

Ni,  Cr,  effect  of  low  temperature  on 
hardness  and  impact  resistance . . . 138 

Ni,  Cr,  effect  of  drawing  tempera- 
ture   81,  82, 83 

Ni,  Cr.  Si 116 

Ni,  Mo 1 12 

Ni,  Si 1 13 

Ni,  Si,  Ce 114 

Ni,  Si,  Cu 1 14 

Ni,  Si,  Mo 1 14 

Ni,  Si,  U 115 

Ni,  Si,  V H5 

Ni,  Si,  Zr 115 

Ni,  Si,  Zr,  Co 115 

Ni,  V 115 

Ni,  V,  effect  of  temperature  on 

torsional  properties 155 

Ni,  U,  effect  of  temperature 157 

Si 1 17 

Ti 1 18 

V  1 18 

V,  effect  of  temperature  on  torsional 

properties 155 

V  118 

W 118 

W,  effect  of  temperature 158 

W,  effect  of  drawing  temperature  . . 120 
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Steel  and  iron  specifications,  S.  A.  E . . . 77-83 

carbon 88-97,137 

effect  of  drawing  temperature  . . 79,80 
effect  of  temperature  on  tensile 

properties 147,148, 

149,  1501  x54>  XS7>  159 
effect  of  temperature  on  com- 
pressive properties 162, 163 

effect  of  temperature  on  tor- 
sional properties 155 

effect  of  temperature  on  impact 

resistance 167 

effect  of  low  temperature  on 
hardness  and  impact  resist- 
ance   138 

elasticity  at  high  temperature  . . 167 

impact  resistance 137 

correlation  between  the  tensile 

strength  and  hardness 136 

fatigue  properties 139-145 

flow  at  high  temperature 151 

high  speed,  effect  of  temperature.  151,159 

stainless 106,158 

effect  of  temperature 158 

Stellite 32 

Sterro  metal 59 

Stone’s  English  gear  bronze 50 

Tantalum 130 

Tellurium 130 

Tensilite 59 

Temperature,  effect  on  tensile  properties 
of  metals,  see  the  metal  in  question 
effect  on  compressive  properties  of 

steels 162,163,164 

effect  on  compressive  properties  of 

white  metal  bearing  alloys 165 

effect  on  hardness  and  impact  re- 
sistance of  some  metals 138,167 

effect  on  torsional  properties  of  cold 
rolled  steel,  Ni-steel,  Ni-V  steel, 
V-steel,  brass,  elephant  bronze, 
Mn-bronze,  Tobin  bronze,  Delta 

metal,  Monel  metal 155 

effect  on  moduli  of  elasticity  of 

metals 166,167 

Terminology  of  ferrous  materials 74-76 

Tin,  Al,  Zn,  Cd 130 

Sb,  Cu 132 

Sb,  Cu,  Zn 130 
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Tin,  Zn,  Al,  Cu,  Sb,  Pb 131 

Zn,  Al,  Pb,  Cu,  Sb 131 

Zn,  Al,  Sb 131 

pure 130 

effect  of  temperature 149,156 

elasticity  at  high  and  low  tem- 
peratures  166,167 

Titanium 132 

Tobin  bronze 69,70 

Torpedo  bronze 70 


Torsional  properties,  effect  of  tempera- 
ture on  carbon  steel,  Ni-V  steel,  Ni 
steel,  V steel,  brass,  elephant  bronze, 
Mn  bronze,  Tobin  bronze,  Delta  metal, 


Monel  metal 155 

Trolley  wire 54 

Tungsten 132,134 

Ulco  metal 123 

Uranium 134 


Valve  bronze 53 

Vanadium 134 

Victor  bronze 58 
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White  bronze 64 

White  metal  bearing  alloys 132 

effect  of  temperature  on  compres- 
sive properties 165 

White  nickel  brass 64 

Wire  copper 35.36 

rope 99,100,101 

steel 98 

Wood,  change  of  properties  with  change 

of  moisture  content 194 

properties  in  an  air  dry  condition . 184-193 
properties  in  a green  condition . . . 172-183 

Wood ’s  metal 29 

Wrought  iron 86,87,88 

effect  of  temperature  on  compres- 
sive properties 162 


Yellow  brass 56,61,62 

Zinc 134. 135 

effect  of  temperature 149,153,156 

elasticity  at  high  and  low  tem- 
peratures  166,167 

Zirconium 135 


